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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

[0001] This invention relates to DNA regions and their conribinations which are particularly useful for Inclusion in 
recombinant DNA vectors for the expression of inserted genes, especially genes encoding the light (L) and heavy (H) 
chains of an antibody molecule. 
10 [0002] The invention further relates to chimeric antibodies with human tumor cell specificity and their derivatives, 
nucleotide and protein sequences coding therefor, as well as methods of obtaining and manipulating such sequences. 

CROSS REFERENCE TO RELATED APPLICAIONS 

15 [0003] This application is a continuation-in-part of U.S. applications serial number 07/240.624 (filed September 6, 
1988): 07/241,744 (filed September 8. 1988); 07^43.739 (filed September13, 1988): 07/367,641 (filed June 19. 1989): 
and 07/382,768 (filed July 21. 1989) which is a continuation-in-part of 07/253,002 (filed October 4, 1988). 

BACKGROUND 

20 

[0004] The expression of genetically engineered proteins from mammalian cells provides materials useful for the diag- 
nosis and treatment of hurrian and veterinary diseases and disorders. Examples of such proteins include tissue plas- 
minogen activator, erythropoietin, hepatitis B surface antigen, and genetically engineered antibodies. Mammalian cells, 
such as Chinese hamster ovary or hybridoma cells, provide convenient hosts for the production of many such proteins 
25 because of their ability to properly glycosylate, assemble, fold, and secrete the engineered protein. These qualities 
make mammalian cells particularly useful for the production of antibody molecules, which are glycosylated muttimeric 
proteins consisting of two identical H chains combined with two identical L chains in a specific three-dimensional molec- 
ular arrangement 

[0005] Several gene expression systems for the production of genetically engineered proteins from mammalian cells 

30 have been developed. These systems include vectors designed for either the transient or pernr^nent expression of the 
desired gene when introduced into the host cell. Many of these vehicles include DNA regions or elements which provide 
various gene expression functions, such as pronrx)tion of transaiption initiation, transcription promoter enhancement. 
mRNA splicing, mRNA polyadenylation. and transcription termination. This invention desaibes specific gene expres- 
sion elements and recombinant DNA expression vectors that are particularly useful for the production of genetically 

35 engineered antibodies from mammalian celts. 

[0006] The majority of reported applications of genetically engineered antibodies have utilized gene expression ele- 
ments which accompany the immunoglobulin coding regions upon recombinant DNA molecular cloning (reviewed by 
Oi, V.T, and Morrison, S.L. Biotechnioues 4:214 (1986)). A chimeric mouse-human antibody will typically be syrrthe- 
sized from genes driven by the chromosomal gene promoters native to the mouse H and L chain variable (V) regions 

40 used in tiie constructs: splicing usually occurs between the splice donor site in the mouse J region and the splice accep- 
tor site preceding the human constant (C) region and also at the splice regions that occur within the human H chain 0 
region; polyadenylation and transcription termination occur at native chromosomal sites downstream of the human cod- 
ing regions. Some of tiiese gene expression elements, particularly the transcription promoters, are unpredictable 
because of their differing origins from one antibody V region gene sequence to the next. This unpredictability may be 

45 an impediment to the efficient expression of a chosen recombinant immunoglobulin gene, as noted for some chimeric 
L chains by Morrison, S. et al. .. Proc. Natl. Acad. Sci.. USA fil:6851 (1984) (p.6854). A convenient alternative to the 
use of chromosomal gene fragments is the use of cDNA for the construction of chimeric immunoglobulin genes, as 
reported by Uu et al. (Proc. Natl. Acad. Sci.. USA 84:3439 (1987) and J. lmmunolo<?v 139:3521 (1987)). The use of 
cDNA requires that gene expression elements appropriate for the host cell be combined vWth the gene in order to 

50 achieve synthesis of the desired protein. This property could help overcome the unpredictability of recombinant anti- 
body synthesis through the use of specific gene expression elements, such as viral transcriptional promoter sequences, 
to uniformly achieve efficient antilxxiy synthesis. Altinough many gene expression elements have been tested in various 
systems, tiiere are few studies on gene expression elements for recombinant immunoglobulin cDNA genes. There is 
therefore a substantial need for identification of improved gene expression elements and their combinations which are 

55 particularly suited for the efficient synthesis of genetically engineered antibody proteins by desired host cells. Gene 
expression elements that have been used for the expression of cDNA genes include: 

(i) Viral transcription promoters and their enhancer elements, such as the SV40 eariy promoter (Okayama, H. and 
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Berg, R, Mol. Cell. Biol. ^580 (1983)), Rous sarcoma virus LTR (Gorman, C. et al., Proc. Natl. Acad. Sci.. USA 
22:6777 (1982)), and Moloney murine leukemia virus LTR (Grosschedl, R., and Baltimore, D.. Cfill41:885 (1985)) 
(ii) Splice regions and polyadenylation sites such as those derived from the SV40 late region (Okayama and Berg, 
supra), arKj 

5 . (iii) Polyadenylation sites such as in SV40 (Okayama and Berg, supra). 

[0007] Immunoglobulin cDNA genes have been expressed as described by Liu et al.. supra, and VVeidle et al. ,. Gene 
51:21 (1987). The expression elements used for immunoglobulin cDNA gene expression were the SV40 early pronwter 
and its enhancer, the mouse immunoglobulin H chain promoter enhancers, SV40 late region mRNA splicing, rabbit p- 

10 globin intervening sequence,' immunoglobulin and rabbit p-globin polyadenylation sites, SV40 polyadenylation ele- 
ments. For immunoglobulin genes comprised of part cDNA, partchrompsomal gene (Whittle £taL., Protein Engineering 
1:499 (1987)), the transcriptional promoter is human cytomegalovirus, the promloter enhancers are cytomegalovirus 
and mouse/human immunogloBulin, and mRNA splicing and polyadenylation regions are from the native chromosomal 
immunoglobulin sequences. Host cells used for immunoglobulin cDNA expression indude mouse hybridoma (Sp2/D), 

75 monkey COS cells, and Chinese Hamster Ovary (CHO) cells. Although immunoglobulins have been successfully syn- 
thesized using these various gene expression elements and host cells, there is substantial need for improvement in the 
efficiency of immunoglobulin cDNA expression. 

[0008] Monoclonal antibody (mAb) technology has greatly impacted current thinking about cancer therapy and diag- 
nosis. The elegant application of cell to cell fusion for the production of mAbs by Kohler and Milstein (Nature (London) 
20 256:495 (1975)) spawned a revolution in biology equal in impact to that of recombinant DNA cloning. MAbs produced 
from hybridomas are already widely used in clinical studies and basic research, testing their efficacy in the treatment of 
human diseases including cancer, viral and miaobiai infections, and other diseases and disorders of the immune sys- 
tem. 

[0009] Although they display exquisite specificity and can influence the progression of human disease, mouse mAbs, 
25 by their very nature, have limitations in their applicability to human medicine. Most obviously, since they are derived 
from mouse cells, they are recognized as foreign protein when introduced into humans and elicit immune responses. 
Similarly, since they are distinguished from human proteins, they are cleared rapidly from circulation. 
[001 0] Technology to develop mAbs that could circumvent these particular piroblems has met with a number of obsta- 
cles. This is especially true for mAbs directed to human tumor antigens, developed for the diagnosis and treatment of 
30 cancer. Since many tunfx>r antigens are not recognized as foreign by the human immune system, they probably lack 
immunogenicity in man. In contrast, those human tunx)r antigens that are immunogenic in mice can be used to induce 
mouse mAbs which, in addition to specificity, may also have therapeutic utility in humans. In addition, most- human 
mAbs obtained in vitro are of the IgM class or isotype. To obtain human mAbs of the IgG isotype, it has been necessary 
to use complex techniques (e.g. cell sorting) to first identify and isolate those few cells producing IgQ antibodies. A need 
55 therefore exists for an efficient way to switch antibody classes at will for any given antibody of a predetermined or 
desired antigenic specifictty. 

[0011] Chimeric antibody technology, such as that used for the antibodies desaibed in this invention, bridges both 
the hybridoma and genetic engineering technologies to provide reagents, as well as products derived therefrom, for the 
treatment and diagnosis of human cancer. 

40 [0012] The chimeric antibodies of the present invention embody a combination of the advantageous characteristics 
of mAbs. Like mouse mAbs, they can recognize and bind to a tumor antigen present in cancer tissue; however, unlike 
mouse mAbs, the "human-specific" properties of the chimeric antibodies tower the likelihood of an immune response to 
the antibodies, and result in prolonged survival in the circulation through reduced clearance. Moreover, using the meth- 
ods disclosed in the present invention, any desired antibody isotype can be combined with any particular antigen com- 

45 bining site. 

[001 3] The following mAbs were used to produce the chimeric antibody enixxliments of this invention: 

(a) the B38.1 nrK)use mAb (described in U.S. Patent No. 4,612,282) was obtained from a mouse which had been 
immunized with cells from a human breast carcinoma, after which spleen cells were hybridized with NS-1 mouse 

so myeloma cells. The antibody binds to an antigen which is expressed on the surface of cells from many human car- 
cinomas, including lung carcinomas (adeno, squamous), breast cardnomas, colon carcinomas and ovarian carci- 
nomas, but is not detectable in the majority of normal adult tissues tested. B38.1 is of the lgG1 isotype and does 
not mediate detectable antibody-dependent cellular cytotoxicity (ADCC) of antigen-positive tumor cells by human 
peripheral blood leukocyte effector cells. 

55 (b) the Br-3 arouse mAb (Uao, S.K., et al.. Proc. Am. Assoc. Cancer Res. 2§:362 (1987) (where it was designated 
as BTMA8); Cancer Immunol. I mmunottier. 2§:77-86 (1989)) was obtained from mice which had been Immunized 
witii cells from a human breast carcinoma, after which spleen cells were hybridized witii NS-1 mouse myeloma 
cells. The antibody binds to an antigen which is expressed on the surface of cells from many human cardnomas. 
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including lung carcinomas (adeno, squamous), breast carcinomas, colon carcinomas and ovarian carcinomas, but 
is not detectable in the majority of normal adult tissues tested. Br-3 is of the lgG1 isotype and mediates tow level 
ADCC of antigen-positive tumor cells. 

(c) the Co-1 mouse mAb (Oldham etal.. Mol. Biother. 1:103-1 13 (1988); Avner et al.. J. Biol. Resp. Modif. £25-36 
5 (1989); Liao et al. (Cancer Immunol. Immunother. 28:77-86 (1989)) was obtained from a mouse which had been 

immunized with cells from a human colon carcinoma, after which spleen cells were hybridized with NS-1 mouse 
myeloma cells. The antibody binds to an antigen which is expressed on the surface of cells from many human car- 
cinomas, including lung carcinomas (adeno, squamous), breast carcinomas, colon carcinomas and ovarian carci- 
nomas, but is not detectable in the majority of normal adult tissues tested. Co-1 is of the lgG3 isotype and mediates 
10 ADCC of antigen-positive tumor cells. 

(d) the ME4 mouse mAb (Liao, S.K.. etal.. J. Natl. Cancer Inst. 74 :1047-1058 (1985)) was obtained from a mouse 
which had been immunized with cells from a human melanoma. The antibody binds to an antigen which is 
expressed at the surface of cells from many human melanomas and carcinomas (including lung carcinomas breast 
carcinomas, colon carcinomas, and ovarian carcinomas), but is not detectable in the majority of normal adult tis- 

15 sues tested. ME4 is of the IgGI isotype and does not mediate ADCC of antigen-positive tumor celts. 

(e) the KM10 mouse mAb (Japanese first patent publication No. 61-167699; Japanese Patent application No. 60- 
8129)) was obtained from a mouse immunized with an tmmunogen prepared from a human gastric adenoma- 
derived cell line, MKN-45, after which spleen celts were hybridized with P3LI1 mouse myeloma celts. KM10 is of the 
lgG1 isotype and binds to an antigen which is expressed on the surface of celts from many human carcinomas, 

20 including colon, stomach, panaeas and esophagus, but is not detectable in the majority of normal adult tissues 
tested. The hybridoma producing mAb KM10 was deposited at the Institute for Fermentation, Osaka (IFO) tn 
Osat<a. Japan on March 24, 1989 under accession number IFO 50187. 



SUMMARY OF THE INVENTION 

25 

[0014] The invention is directed to a combination of gene expression elements, and recombinant DNA vectors con- 
taining these elements, useful for the expression of immunoglobulin light chain and heavy chain cDNA genes in a 
desired host mammalian cell. 

[0015] In one embodiment for expression of cDNA genes in rodent cells, the transcriptional promoter |s a virat LTR 
30 sequence, the transcriptional promoter enhancers are either or both the mouse immunoglobulin heavy chain enhancer 
and the virat LTR enhancer, the splice region contains an intron of greater than 31 bp, and the polyadenylation and tran- 
scription termination regions are derived from the native chromosomal sequence corresponding to the immunoglobulin 
chain being synthesized. 

[001 6] In other embodiments. cDNA sequences encoding other proteins are combined with the above-recited expres- 

35 sion elements to achieve expression of the proteins in mammalian cells. 

[001 7] The invention can be used to construct recombinant DNA expression vehicles to achieve efficient synthesis of 
antibodies in transfected host cells. Preferably, such a vehicle is constructed by the ligation of a gene expression mod- 
ule, containing the elements recited above, to antibody coding cDNA sequences to form a recombinant DNA molecule. 
Hosts, such as Sp2/0 hybridoma or Chinese Hamster Ovary cells, are then transfected with this recombinant DNA. 

40 [0018] The invention provides engineered chimeric antibodies of desired V region specificity and C region properties, 
produced after gene cloning and expression of L and H chains. The chimeric antibody and its derivatives have applica- 
bility in the treatment and diagnosis of human cancer. The cloned immunoglobulin gene products and their derivatives 
can be produced in mammalian or miaobiat cells. 

[0019] The invention provides cDNA sequences coding for immunoglobulin chains comprising a human C region and 
45 a non-human, V region. The immunoglobulin chains are both H and L. 

[0020] The invention provides sequences as above, present in recombinant DNA molecules in vehicles such as ptas- 
mid vectors, capable of expression in desired prokaryotic or eukaryotic hosts. 

[0021 ] The invention provides host cells capable of producing the chimeric antibodies in culture and methods of using 
these host cells. 

so [0022] The invention also provides irKlividual chimeric immunoglobulin chains, as well as complete assembled mole- 
cules having human C regions and mouse V regions with specificity for human tumor celt antigens, wherein both V 
regions have the same binding specificity. 

[0023] Among other immunoglobulin chains and/or molecules provided by the invention are: 

55 1 , An antibody with monovalent specificity for a tumor cell antigen, i.e., a complete, functional immunoglobulin mol- 
ecule comprising: 

(a) two different chimeric H chains, one of which comprises a V region with anti-tumor cell specificity, and 
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(b) two different L chains, with the corresponding specHicities as the V regions of the H chains. The resulting 
hetero-bifunctional antibody would exhibit monovalent binding specificity toward human tunrwr cells. 

2. Antibody fragments such as Fab, Fab, and F(ab')2. 

[0024] Genetic sequences, especially cDNA sequences, coding for the afaementioned combinations of chimeric 
immunoglobulin chains are also provided herein. 

[0025] The invention also provides for a genetic sequence, especially a cDNA sequence, coding for the V region of 
desired specificity of an antibody molecule H and/or L chain. linked to a sequence coding for a polypeptide different than 
an immunoglobulin chain (e.g., an enzyme). These sequences can be assembled by the methods of the invention, and 
Expressed to yield mixed-function molecules. 

[0026] The use of cDNA sec^uences is particularly advantageous over genomic sequences (which contain introns), in 
that cDNA sequences can be expressed in bacteria or other hosts which lack appropriate RNA splicing systems. 

BRIEF DESCRIPTION OF THE FIGURES 

[0027] 

FIGURE 1 . Construction scheme for the promoter cassette expression vector plNG2122. Promoter DNA cassettes 
con be placed in the region located between EcoRI and Sail sites to express chimeric L6 k chains. Not drawn to 
scale. Restriction enzyme code: R. EesRI; Xb, )^l; Bg. Bglll; H, Hirdlll; B, MnHI; S, Sail: X, JQiqI; Ss, SSH; K, 
Kpn l. 

FIGURE 2. Construction scheme for k expression vectors plNQ2126. plNG2133. and plNG1712. Not drawn to 
scale. Restriction enzyme tode is the same as for Figure 1. 

FIGURE 3. Construction scheme for the X chain C-region cassette. Plasmid plNG1462 contains the entire C^ 
domain and contains an ^11 restriction site at the J-C^ junction. Not drawn to scale. 

FIGURE 4. Construction scheme for the chimeric mouse-human Br-3 (ING-2) L chain mammalian expression plas- 
mid pING2203. The V region from the cDNA clone pR3L-1 1 was engineered to be compatible with the mammalian 
expression plasmid plNG1712. Plasmid plNG2203 contains the following gene expression elements useful in 
mammalian cells: 1) the IgH enhancer element, 2) the Abelson LTR promoter, 3) the SV40 19S/16S splice module, 
and 4) a human X polyadenylation region. It also contains the entire human C^ region, and the GPT gene which 
allows for mycophenoltc acid resistance in transfected cells. Not drawn to scale. 

FIGURE 5. Construction scheme for the cNmeric mouse-human Br-3 (ING-2) H chain mammalian expression plas- 
mid, plNG2227. The V region for the cDNA clone pR3G-1 1 was engineered to be compatible with the mammalian 
expression plasmid plNGl714. Plasmid plNG2227 contains the following gene expression elements useful in 
mammalian cells: 1) an IgH enhancer element. 2) an Abelson LTR promoter. 3) the SV40 19S/16S splice module, 
and 4) the genomic lgG1 polyadenylation signal sequence. It also contains the entire human IgGI C region from 
pGMH-6 (Liu, A. Y. et al.. (1 987) supra) . plNG1 71 4 contains the neomydn phosphotransferase gene which allows 
for G418 selection in transfected cells. Not drawn to scale 

FIGURE 6. Construction scheme for the chimeric H chain expression vector plNG1714. Not drawn to scale. 
FIGURE 7. Nucleotide sequence of the coding strand for the B38.1 mouse region. Shown is the nucleotide 
sequence from the end of the oligo<iC tail to the J^l-C^ junction. Also shown is the amino acid sequence deduced 
from the nucleotide sequence. Shown in bold are the oligonucleotides used for site-directed mutagenesis and the 
sites at which restriction site modifications were made. 

FIGURE 8. Nucleotide sequence of the coding strand for the B38.1 H chain mouse V region. Shown is the nucle- 
otide sequence from the end of the oligo-dC tail to the Jh4-Ch1 junction. Also shown is the amino acid sequence 
deduced from the nucleotide sequence. Shown in bold are the oligonucleotides used for site-directed mutagenesis 
and the sites at which restriction site modifications were made. 

FIGURE 9. Construction scheme for the chimeric mouse-human ING-1 H chain mammalian expression plasmid, 
plNG2225. The V region for the cDNA clone pRlG-8 was engineered to be compatible with the eukaryotic expres- 
sion plasmid plNG1714. Plasmid plNG1714 contains the following gene regulatory elements useful for expression 
in mammalian cells: 1) an Abelson LTR promoter, 2) the SV40 19S/16S splice module, and 3) the SV40 polyade- 
nylation signal sequence. It also contains the entire human IgGI C region from pGMH-6 (Liu, A.Y., gLsL (1987), 
supra) . plNG1 71 4 contains the neomycin phosphotransferase gene which allows for G41 8 selection in transfected 
cells. Not drawn to scale. 

FIGURE 10. Construction scheme for the chimeric mouse-human ING-1 L chain mammalian expression plasmid 
plNG2207. The V region from the cDNA clone pRlK-7 was engineered to be compatible with the eukaryotic expres- 
sion plasmid plNG1712. See Figure 2 for construction of plasmid plNG1712. Not drawn to scale. 
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FIGURE 1 1 . Construction scheme for yeast expression plasmid containing iNG-1 chimeric L chain gene fused to 
the yeast PGK promoter (P). invertase signal sequence (S) and PGK polyadenylation signal (T). Not drawn to 
scale. 

FIGURE 12. Construction for yeast expression plasmid containing ING-1 chimeric Fd chain gene fused to the yeast 
5 PGK promoter (P). invertase signal sequence (S), and PGK polyadenylation signal (T). Not drawn to scale. 

FIGURE 13. Construction scheme for the bacterial chimeric ING-1 Fab expression plasmid plNG3107. Plasmid 
plNG3107 contains the following elements useful for expression in E. coli : 1) the araC gene, 2) the inducible aisB 
promoter, 3) the dicistronic chimeric Fd and chimeric k ING-1 genes fused to the pelB leader sequence, 4) the IcbA 
transcription termination sequence, and 5) the gene, useful tor selection in E. cdi . Not drawn to scale. 
10 FIGURE 14. Nucleotide sequence of the coding strand for the Br-3 nrK>use region. Shown is the nucleotide 
sequence from the end of the oligo-dC tail to the J^-Cj. junction. Also shown is the amino acid sequence deduced 
from the nucleotide sequence. Shown in bold is the oligonucleotide used for site-directed mutagenesis to introduce 
an Apa l site and the postion of the Avrll site at the J-C^ junction. 

FIGURE 15. Nucleotide sequence of the coding strand for the Br-3 H chain mouse V region. Shown is the nude^ 
75 otide sequence from the end of the oligo-dC tail to the Jh3-Ch1 junction. Also shown is the amino acid sequence 
deduced from the nucleotide sequence. Shown in bold are the oligonucleotides used for site-directed mutagenesis 
and the sites at which restriction site modifications were made. Also shown is the position of the Psjl site near the 
J-Ch1 junction. 

FIGURE 16, Construction scheme for the plasmid plNG1602, containing the .lNG-2 chimeric L chain gene with an 
20 Apal site at the gene sequences encoding the signal sequence processing site and an Xhfi! site 4 bp downstream 
from the stop codon. V\ fragment of V region gene sequences. Not drawn to scale. 

FIGURE 17. Construction scheme for plasmid plNG1485, containing the ING-2 chimeric Fd chain gene with an 
Aat H site at the gene sequence encoding the signal sequence processing site. V, fragment of V region gene 
sequences. Not drawn to scale. 

25 FIGURE 18. Construction scheme for yeast expression plasmid containing ING-2 chimeric L chain gene fused to 
the yeast PGK prorrtoter (P), invertase signal sequence and PGK polyadenylation signal (T). Not drawn to scale. 
FIGURE 19. Construction scheme for yeast expression plasmid containing ING-2 chimeric Fd chain gene fused to 
the yeast PGK promoter (P), invertase signal sequence (S), and PGK polyadenylation signal (T). 
FIGURE 20. Construction scheme for the bacterial chimeric ING-2 Fab expression plasmid pBR3-3. Plasmid 

30 pBR3-3 contains the following elements useful for expression in E. coli : 1 ) the ara C gene, 2) the inducible acaB pro- 
nrtoter, 3) the dicistronic Fd and X ING-2 genes fosed to the pelB leader sequence, 4) the trpA transcription termi- 
nation sequence, and 5) the tet^ gene, useful for selection in E. coli . Not drawn to scale. 
FIGURE 21. Nucleotide sequence of the coding strand for the Co-1 k mouse V region. Shown is the nucleotide 
sequence from the end of the oligo-dC tail to the J^S - C^ junction. Also shown is the amino acid sequence deduced 

35 from the nucleotide sequence. Shown in bold are the oligonucleotides used for site directed mutagenesis and the 
sites at which restriction site modif ications were made. Also in bold is the site of the M§tll site useful for introduction 
of a Ml restriction site. 

FIGURE 22. Nucleotide sequence of the coding strand for the Co-1 H chain mouse V region. Shown is the nucle- 
otide sequence from the end of the oligo-dC tail to the Jh4 - ChI junction. Also shown is the amino acid sequence 
40 deduced from the nucleotide sequence. In bold are the sites of the McqI, SstEII and Esll sites useful for gene 
rmnipulation. 

FIGURE 23. Construction scheme for the chimeric mouse-human ING-3 H chain mammalian expression plasmid, 
plNG2234. The V region for the cDNA done pOI G-1 1 was engineered to be compatible with the eukaryotic expres- 
sion plasmid plNG2227. See Figure 5 for construction of plasmid plNG2227. Not drawn to scale. 

45 FIGURE 24. Construction scheme for the chimeric mouse-human ING-3 L chain mammalian expression plasmid 
plNG2204. The V region from the cDNA done p01K-8 was engineered to be compatible with the eukaryotic 
expression plasmid pING1 712. See Figure 2 for construction of plasmid plNG1 712. Not drawn to scale. 
FIGURE 25. Construction scheme for yeast expression plasmid containing ING-3 chimeric L chain gene fused to 
the yeast PGK promoter, invertase signal sequence and PGK polyadenylation signal. Not drawn to scale. 

50 FIGURE 26. Construction scheme for lNG-3 chimeric Fd chain gene containing a P§tl site at the gene sequence 
encoding the signal sequence processing site. Not drawn to scale. 

FIGURE 27. Construction scheme for yeast expression plasmid containing ING-3 chimeric Fd chain gene fused to 
the yeast PGK promoter, invertase signal sequence and PGK polyadenylation signal. Not drawn to scale. 
FIGURE 28. Construction scheme for the bacterial chimeric ING-3 Fab expression plasmid p!NG3307. Plasmid 
55 plNG3307 contains the following elements useful for expression in E. coli : 1) the araC gene, 2) the inducible araS 
promoter, 3) the dicistronic Fd and k ING-3 genes fused to the pelB leader sequence, 4) the fr^A transcription ter- 
mination sequence, and 5) the lel'^ gene, useful for selection in E. coli . Not dravwi to scale. 
FIGURE 29. Nudeotide sequence of the coding strand for the ME4 mouse region. Shown is the nudeotide 
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sequence from the end of the oligo-dC tail to the -C^ junction. Also shown is the amino acid sequence deduced 
from the nucleotide sequence. Shown In bold are the oligonucleotides used for site-directed mutagenesis and the 
sites at which restriction site modifications were made. 

FIGURE 30. Nucleotide sequence of the coding strand for the ME4 H chain mouse V region. Shown is the nude- 
5 , otide sequence from the end of the oligo-dC tail to the Jh4-Ch1 junction. Also shewn is the amino acid sequence 
deduced from the nucleotide sequence. Shown in bold are the oligonucleotides used for site-directed mutagenesis 
and the sites at which restriction site modifications were made. 

FIGURE 31 . Construction scheme for the chimeric mouse-human ING-4 H chain mammalian expression plasmid. 
plNG2232. The V region for the cDNA clone pE4G-21 was engineered to be conpatiiDle with the eukaryotic expres- 
10 sion plasmid plNG2227. Plasmid plNG2232 contains the following gene regulatory elements useful for expression 
I in mammalian cells: 1) in IgH Enhancer element, 2) an Abelson LTF^ promoter, 3) the SV40 19S/16S splice module, 
and 4) the genomic human lgGl polyadenylation signal sequence. It also contains the entire human IgGI C region 
from pGMH-6 (Liu, A. Y e^'al.. supra) . Not drawn to scale. 

FIGURE 32. Construction scheme for the chimeric mouse-human ING-4 L chain mammalian expression plasmid 
15 plNG2216. The V region from the cDNA clone pE4K-15 was engineered to be compatible with the eukaryotic 
expression plasmid plNG1712. Plasmid plNG2216 contains the fpllowing gene regulatory elements useful for 
expression in mammalian cells: 1) the IgH enhancer element, 2) the Abelson LTR promoter, 3) the SV40 19S/16S 
splice module, and 4) a human k polyadenylation signal sequence. It also contains the entire human C^ region (Ltu 
A. Y, etal. supra) and the GPT gene which allows for mycophenolic acid resistance in transfected cells. Not drawn 
20 to scale. 

FIGURE 33. Construction scheme for the fusion of the mature form of the ING-4 chimeric L chain gene to the yeast 
invertase signal sequence(s) under control of the yeast PGK promoter. Not drawn to scale. 
FIGURE 34. Construction scheme for a yeast expression plasmid containing the ING-4 chimeric L chain arxJ Fd 
genes fused to the yeast PGK promoter (P), invertase signal sequence(s) and PGK polyadenylation signal (T). Not 
25 drawn to scale. 

FIGURE 35. Construction scheme for the bacterial chimeric ING-4 Fab expression plasmid pME4-B3. Plasmid 
pME4-B3 contains the following elements useful for expression in £, coli : 1) the ara C gene, 2) the inducible ara B 
promoter, 3) the dicistronic Fd and K ING-4 genes fused to the pelB leader sequence. 4) the tcpA transcription ter- 
mination sequence, and 5) the tet^ gene, useful for selection in coli. Not drawn to scale. 
30 FIGURE 36. Nucleotide sequence of the coding strand for the KM10 H chain mouse V region. Shown Is the nucle- 
otide sequence from the end of the oligo-dC tail to the Jh4 - Ch1 junction. Also shown is the amino acid sequence 
deduced from the nucleotide sequence. Shown in bold are the oligonucleotides used for site directed mutagenesis 
and the sites at which restriction site modifications were made. 

FIGURE 37. Nucleotide sequence of the coding strand for the KM 10 mouse region. Shown is the nucleotide 
35 sequence from the end of the oligo-dC tail to the - C^ junction. Also shown is the amino acid sequence deduced 
from the nucleotide sequence. Shown in bold are the oligonucleotides used for site directed mutagenesis and the 
sites at which restriction site modifications were made. 

FIGURE 38. Construction scheme for the chimeric mouse-human KM10 H chain mammalian expression plasmid, 
plNG2240. The V region for the cONA clone pM10G-2 was engineered to be compatible with the eukaryotic expres- 

40 sion plasmid plNG2227. See Rgure 5 for construction of plasmid plNG2227. Not drawn to scale. 

FIGURE 39. Construction scheme for the chimeric mouse-human KM10 L chain mammalian expression plasmid 
plNG2242. The V region from the cDNA clone pM10K-16 was engineered to be compatible with the eukaryotic 
expression plasmid plNG1712. See Figure 2 for construction of plasmid plNG1712. Not drawn to scale. 
FIGURE 40. Yeast expression plasmids for Fab expression. Shown are: (a) the yeast expression plasmid oontain- 

45 ing KM10 chimeric L chain gene fused to the yeast PGK promoter, invertase signal sequence and PGK polyade- 
nylation signal; (b) the similar yeast plasmid containing the Fd gene; (c) the yeast expression plasmid containing 
the L chain promoter/leader fusion with PGK transcription termination signal; (d) similar yeast plasmid containing 
the Fd gene; and (e) the final 2 gene yeast expression plasmid plNG3200. Not drawn to scale. 
FIGURE 41. Construction scheme for the bacterial chimeric KM10 Fab expression plasmid plNG3202. Plasmid 

50 plNG3202 contains the following elements useful for expression in E. coli : 1) the ara C gene, 2) the Inducible ara B 
promoter, 3) the dicistronic Fd and k KM1 0 genes fused to the pelB leader sequence. 4) the trpA transcription ter- 
mination sequence, and 5) tiie tet*^ gene, useful for selection in E. coli . Not drawn to scale. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 

GENETIC PROCESSES AND PRODUCTS 

[0028] The invention provides antibodies that are useful for the treatment and diagnosis of human cancer, either alone 
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or in combination with other reagents. The tumor antigens to which such antibodies may be directed include those 

defined by the mAbs B38.1, Br-3. Co-1, ME4, and KM10. 

[0029] The method of production of such antibodies combines five steps: 

5 1 . isolation of messenger RNA (mRNA) from a rodent hybridoma cell line producing the mAb, cloning, and cDNA 
production therefrom; 

2. Preparation of a full-length cDNA library from purified mRNA from which the appropriate V region gene seg- 
ments of the L and H chain genes can be (a) identified with appropriate probes, (b) sequenced, and (c) made com* 
patible with a C gene segment. 
10 3. Preparation of C region gene segment modules by cDNA preparation and cloning. 

4. Construction of complete H or L chain-coding sequences by linkage of the cloned specific immunoglobulin V 
region gene segments described in step 2 above to cloned human C region gene segment modules described in 
step 3. 

5. Expression and production of chimeric L and H chains in selected prokaryotic and eukaryotic host cells, through 
15 production of both chains in the same cell. 

[0030] One common feature of all immunoglobulin L and H chain genes and the encoded mRNAs is the so-called J 
region. H and L chain J regions have different, but highly honx)logous (>80%) sequences, among each group, espe- 
cially near the C region. This homology is exploited in this invention by using consensus sequences of L and H chain J 
20 regions to design oligonucleotides for use as primers or probes for introducing useful restriction sites into the J region 
for subsequent linkage of V region segments to human C region segments. 

[0031 ] C region cDNA module vectors prepared from human cells and modified by site<iirected mutagenesis to place 
a restriction site at the analogous position in the human sequence were used. For example, the conplete human 
region and the complete human region can be cloned. An alternative method utilizing genomic Ch region clones as 
25 the source for Ch region module vectors would not allow these genes to be expressed in systems such as bacteria 
where enzymes needed to remove intervening sequences are absent 

[0032] Cloned V region segments are excised and ligated to L or H chain C region module vectors. In addition, the 
human gamma ^ region can be modified by introducing a termination codon thereby generating a gene sequence which 
encodes the H chain portion of an Fab molecule. 
30 [0033] The coding sequences with operably linked V and C regions are then transfenred into appropriate expression 
vehicles for expression in appropriate prokaryotic or eukaryotic hosts. 

[0034] Two coding DNA sequences are said to be "operably linked** if the linkage results in a continuously translatable 
sequence without alteration or interruption of the triplet reading frame. A DNA coding sequence is operably linked to a 
gene expression element if the linkage results in the proper function of that gene expression element to result in expres- 

35 sion of the coding sequence. 

[0035] Expression vehicles include plasmids or other vectors. Preferred among these are vehicles carrying a func- 
tionally complete human C heavy (Ch) or C light (CJ chain sequence having appropriate restriction sites erigineered 
so that any variable H (Vh) or variable L (VJ chain sequence with appropriate cohesive ends can be easily inserted 
thereinto. Human Ch or C^ chain sequence-containing vehicles are thus an important embodiment of the invention. 

40 These vehicles can be used as intermediates for the expression of any desired complete H or L chain in any appropriate 
host. 

[0036] One pretended host is yeast. Yeast provides substantial advantages for the production of immunoglobulin L and 
H chains. Yeast cells carry out post-translational peptide modifications including glycosylation, A number of recom- 
binant DNA strategies now exist which utilize strong promoter sequences and high copy number plasmids which can 

45 be used for production of the desired proteins in yeast. Yeast recognizes leader sequences of cloned mammalian gene 
products and secretes peptides bearing leader sequences (i.e., propeptides) (Hitzman et al.. 1 1th International Confer- 
ence on Yeast, Genetics and Molecular Biology, f^ontpellier, France, September 13-17, 1982). 
[0037] Yeast gene expression systems can be routinely evaluated for the levels of production, secretion, and the sta- 
bility of chimeric H and L chain proteins and assembled chimeric antibodies. Any of a series of yeast gene expression 

50 systems incorporating promoter and termination elements from the actively expressed genes coding for glycolytic 
enzymes produced in large quantities when yeasts are grown in media rich in glucose can be utilized. Known glycolytic 
genes can also provide very efficient transcription control signals. For example, the promoter and terminator signals of 
the iso-1 -cytochrome C (CYC-1) gene can be utilized. A number of approaches may t>e taken for evaluating optimal 
expression plasmids for the expression of cloned immunoglobulin cDNAs in yeast. 

55 [0038] Bacterial strains may also be utilized as transformation hosts for the production of antibody molecules or anti- 
body fragments described by tiiis invention, E. coli K12 strains such as E. coli W31 10 (ATCC 27325) and otiier errtero- 
bacteria such as Salmonella tvohimurium or Serratia marcescens. and various Pseudomonas species may be used. 
[0039] Plasmid vectors containing replicon and control sequences which are derived from species compatible with a 
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host cell are used in connection with these bacterial hosts. The vector carries a replication site, as well as specific 
genes which are capable of providing phenotypic selection in transformed cells. A nunnber of approaches may be taken 
for evaluating the expression plasmids for the production of chimeric antitxxjies or antibody chains encoded by the 
cloned immunoglobulin cDNAs in bacteria. 

5 . [0040] Other preferred hosts are mammalian cells, grown in vitro or in vivo . Mammalian cells provide post-translational 
modifications to immunoglobulin protein molecules including leader peptide removal, folding and assemt^ly of H and L 
chains, glycosylation of the antibody molecules, and secretion of functional antibody protein. 
[0041 ] Mammalian cells which may be useful as hosts for the production of antibody proteins include cells of lymphoid 
origin, such as the hybridoma Sp2/0-Ag14 (ATCC CRL 1581) or the myeloma P3C63Ag8 (ATCC TIB 9), and its deriv- 

10 atives. Others include cells of fibroblast origin, such as Vero (ATCC CRL 81) or CH0-K1 (ATCC CRL 61). 

t0042] Many vector systems are available for the expression of cloned' H and L chain genes in mammalian cells. Dif- 
ferent approaches can be followed to obtain complete H2L2 antibodies. It is possible to co-express L and H chains in 
the same cells to achieve intracellular association and linkage of H and L chains into complete tetrameric I-I2L2 antibod- 
ies. The co-expression can occur by using either the same or different plasmids in the same host. Genes for both H ar^i 

15 L chains can be placed into the same plasmid, which is then transfected into ceils, thereby selecting directly for cells 
that express both chains. Alternatively, cells may be transfected first with| a plasmid encoding one chain, for example L 
chain, followed by transfection of the resulting cell line with a H chain plasmid containing a second selectable marker. 
Cell tines producing M2L2 molecules via either route could be transfected with plasmids encoding additional copies of 
L, H, or L plus H chains in conjunction with additional selectable markers to generate cell lines with enhanced proper- 

20 ties, such as higher production of assembled (H2L2) antibody molecules or enhanced stability of the transfected cell 
lines. 

[0043] The invention Is also directed to combinations of gene expression elements, and recombinant DNA vectors 
containing these elements, useful for the expression of immunoglobulin L chain and H chain cDNA genes in a desired 
host mammalian cell. For the 'expression of cDNA genes in rodent cells, the transcriptional pronrwter is a viral LTR 

25 sequence, the transaiptional promoter enhancer(s) are either or both the mouse immunoglobulin H chain enhancer 
and the viral LTR enhancer, the splice region contains an intron of greater than 31 bp. and the polyadenyiation and tran- 
scription termination regions are derived from a native chromosomal sequence corresponding to the immunoglobulin 
chain being synthesized. The invention can be used to construct recont^inant DNA expression vehicles to achieve effi- 
cient synthesis of antibodies from transfected host cells. Preferably, such a vehicle would be constructed by the ligation 

30 of gene expression modules to antibody coding sequences to form a recombinant DNA molecule. This recombinant 
DNA can then be used to transfect mammalian hosts such as Sp2/0 hybridoma or Chinese hamster ovary cells. 
[0044] For example, a recombinant DNA gene expression unit for L chain synthesis can be constructed by the ligation 
of the following gene expression elements: 

35 (0 A H chain immunoglobulin transcription enhancer sequence such as the 0.7-kb JSbal to EfittRl DNA fragment 
from the mouse genomic H chain immunoglobulin DNA sequence; 

(11) A retroviral LTR transcription promoter sequence such as Abelson murine leukemia virus LTR; 
(iil) A DNA sequence containing splice donor and splice acceptor sites such as SV40 19S/16S splice donor and the 
16S splice acceptor sites, separated by greater than 31 bp of intervening sequence; 
40 (iv) An immunoglobulin L chain cDNA or genomic DNA coding sequence; 

(v) A 3' untronslated sequence, including a polyadenyiation signal sequence (AATAAA). such as that from hurmn 
immunoglobulin k cDNA, and 

(vi) A DNA sequence derived from tiie polyadenyiation and transcription termination region of a non-viral DNA such 
as the 1 .1 -kb Bglll to Bam HI DNA sequence from mouse k genomic DNA distal to the polyadenyiation site. 

45 

[0045] There are certain restrictions on the order of these gene expression elements: tiie order of the promoter (ii), 
coding sequence (iv). polyadenyiation signal sequence (v), and polyadenyiation and transaiptton termination (vi) ele- 
ments is fixed. The splice region (iiO be located at any position after the pronx)ter (ii), but before the polyadenyia- 
tion signal sequence (v). The splice region may be located within other elements such as the cDNA coding sequence. 
so The enhancer (i) may be located anywhere in or near the unit, and may be located within some elements, such as the 
intervening sequence between splice donor and splice acceptor. TTie L chain gene expression unit can be ligated to 
other useful DNA sequences, such as selectable marker genes from pSV-2neo or pSV-2gpt. prior to transfection of host 
cells. 

[0046] A recombinant DNA gene expression unit for H chain synthesis can be constructed by the ligation of the fol- 
55 lowing gene expression elements: 

(0 An H chain immunoglobulin transcription enhancer sequence such as the 0.7-kb Xba l to EgoRI DNA fragment 
from mouse genomic DNA sequences; 
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(ii) A retroviral LTR transcription promoter sequence such as Abelson murlrie leukemia virus LTR; 

(iii) A DNA sequence containing splice donor and splice acceptor sites, such as the SV40 19S/16S splice donor 
and the 16S splice acceptor, separated by greater than 31 bp of Intervening sequence; 

(iv) An Immunoglobulin H chain cDNA or genomic DNA coding sequence; 

5 (v) A 3' untranslated sequence including a polyadenylation signal sequence (AATAAA), such as that from a human 
Igbl genomic DNA sequence; and 

(vi) A DNA sequence derived from the polyadenylation and transcription termination region of a non-viral DNA, 
such as that from a human lgGl genomic DNA sequence. 

70 [0047] The order of the H chain gene expression elements has the same limitations as the L chain gene expression 
modules. The assembled H chain gene expression unit can be ligated to other useful DNA sequences, such as selecta- 
ble marker genes, prior to the transfection of host cells. The assembled H chain expression vehicle may contain a dif- 
ferent selectable marker than that chosen for the L chain gene expression vehicle. H and L chain gene expression 
vehicles can be transfected together (co-transfection) or in separate steps (sequential transfection). Both L and H chain 

15 gene expression units may be assembled in the same expression vehicle, in which only a single selectable marker may 
be used. 

POLYPEPTIDE PRQPUCTg 

20 [0048] The invention provides "chimeric" immunoglobulin chains, either H or L with specif idty to human tumor anti- 
gens. A chimeric chain contains a C region sut^stantially similar to that present in a natural human immunoglobulin, and 
a V region having the desired anti-tumor specificity of the invention. 

[0049] The invention also provides immunoglobulin molecules having H and L chains associated so that the overall 
molecule exhibits the desired binding and recognition properties. Various types of immunoglobulin nrolecuies are pro- 
25 vided: monovalent, divalent, or molecules with the specificity-determining V binding domains attached to moieties car- 
rying desired functions. This invention also provides for fragments of chimeric immunoglobulin molecules such as Fab, 
Fab', or F(ab')2 molecules or those proteins coded by truncated genes to yield nrK)lecular species functionally resem- 
bling these fragments. 

[0050] Antibodies having chimeric H chains and L chains of the same or different V region binding specificity can be 
30 prepared by appropriate association of the desired polypeptide chains. These chains are individually prepared by the 
modular assembly methods of the invention. 

USES 

35 [0051] The antibodies of this invention can be used for therapeutic purposes by themselves, for exanrple, acting via 
complement-mediated lysis and antibody-dependent cellular cytotoxicity, or coupled to toxins or therapeutic moieties, 
such as ricin. radionuclides, drugs, etc.. in the treatment of human cancer. The antibodies may be advantageously uti- 
lized in combination with factors, such as lymphokines, colony-stimulating factors, and the like, which increase the 
number or activity of antibody-dependent effector cells. 

40 [0052] The antibodies of the invention having hunrran C region can be utilized for passive immunization, especially in 
hunnans, with reduced negative immune reactions such as serum sickness or anaphylactic shock, as conpared to 
whole mouse antibodies. The antitxxiies can also be utilized in prior art immunodiagnostic assays arxi kits in detectably 
labeled form (e.g., enzymes, ^^^1, ''^C, fluorescent labels, etc.), or in immobilized form (on polymeric tubes, beads, etc.). 
They may also be utilized in labeled form for in vivo imaging, wherein the label can be a radioactive emitter, or a nuclear 

45 magnetic resonance contrasting agent such as a heavy metal nucleus, or an X-ray contrasting agent, such as a heavy 
metal. The antibodies can also be used for in vitro localization of the recognized tumor cell antigen by appropriate labe- 
ling. 

[0053] Mixed antibody-enzyme molecules can be used for immunodiagnostic metiiods, such as ELISA. Mixed anti- 
body-peptide effector conjugates can be used for targeted delivery of the effector moiety with a high degree of efficacy 
50 and specificity. 

[0054] Specifically, tiie chimeric antibodies of this invention can be used for any and all uses in which the original 
murine mAbs can be used, with the obvious advantage that the chimeric ones are more compatible with the human 
body. 

[0055] Having now generally described the invention, the same will be further understood by reference to certain spe- 
55 cific examples which are included herein for purposes of illustration only and are not intended to be limiting unless oth- 
enwise specified. 
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EXAMPLE 1 

OPTIMIZATION OF GENE EXPRESSION ELEMENTS FOR CHIMERIC UGHT CHAIN SYNTHESIS 

5 . [0056] A series of recombinant DNA vectors were constructed to test different gene expression elements in order to 
optimize the expression of chimeric mouse-human Immunoglobulin L chain, A vector to test different promoters and 
splice regions was first made (plNG2122, Rgure 1). TTiis vector is derived from a chimeric L chain cDNA expression 
plasmid, plNG2121b. Rrst. the mouse immunoglobulin H chain enhancer 0.7-kb 2$>al to Eco RI fragment from Ml 3 
M8aRX12 (Robinson. R.R. et al. .. POT US86/02269) was inserted into Xba l plus EcoRI cut M13mp19. The enhancer- 

10 containing Hind lll to QgiW fragment was inserted into the BfllH to Hind lll region of pSH6, an recombinant plasmid 
DNA that contains unique )<M, EfllH, and tfiOdlH sites, with the BsIH between the Xbfll and Hind lll sites. The enhancer- 
containing Xbal to Xhgl fragment was then inserted into the enhancer )^l to XhQl region of plNG2121b, an expression 
plasmid identical to plNG21 08b'(Liu, AY etal. .. J. Immunology 139:3521 (1 987)) except that the L6 Vl region (Liu. A.Y 
et al. . , Proc. Natl. Acad. Sci.. USA S4;3439 (1 987)) was used in its construction instead of the 2H7 Vl region. The result- 

15 ing plasmid was plNG2122 (Figure 1) and contained a region of DNA between unique EcoRI and Xtoi sites for the 
insertion of various promoters to be tested. plNG2122 has an SV40 19§ splice region between the 293QI and, unique 
Sai l sites, allowing the insertion (or deletion) of alternate splice regions. Several promoters were otJtained arxl intro- 
duced as EcoRI to Sail regions into the plNG21 22 vector to conrpare their transcriptional strength to the SV40 viral pro- 
moter in the reference expression plasmid plNG2121b. The promoters chosen were the H chain immunoglobulin VI 

20 (Vl(lgh)), mouse metallothionein (MMT), Abelson virus LTR (Abl), and Rous sarcoma virus LTR (RSV) pronnoters. The 
mouse H chain Vl(lgh) promoter was obtained as a 600-bp BamHI DNA fragment derived from the VI gene promoter 
(Clarke. C. et al.. Nucleic Acids Research lfl:7731 -7749 (1982)). The DNA fragment was inserted into the BamHI site 
of pUC19. The VI promoter was excised as an EqqRI to Sail fragment and first ligated to the large fragment of 
p!NG21 22 cut with EcoRI and Xhfil to form plNG21 23 (VI pronxJter plus SV40 1 9S splice). The VI promoter DNA frag- 

25 ment was next ligated to plNG2122 cut with EcoRI and Sail to fomi plNG2124 (VI promoter with no splice). 

[0057J The Abelson LTR promoter was obtained from pelin2 (provided by Dr. Owen Wrtte, UCLA); penn2 contains the 
p120 viral 3' LTR (Reddy. E.P. et al.. Proc. Natl. Acad. Sci.. USA 2^:3623 (1983)). except that the Eol" site at viral posi- 
tion 4623 has been modified by insertion of the EcqRI oligonucleotide linker GGAATTCC. The 0.8-kb £cqRI to Ken' 
fragment of pelin2 containing the pi 20 3* LTR promoter was inserted into l<cnl plus EsqRI cut pUC18. The LTR was 

30 excised as an EgoRI to Sail fragment and ligated to EcoRI plus Xhol cut plNGi2122. placing the LTR promoter adjacent 
to the L6 L chain gene to form plNG2125 (Abl pronrxjter with SV40 19S splice). The Abl LTR fragment was similarly 
ligated to EraRI plus Sail cut plNG2122 to form plasmkJ plNG2126 (Abl pronrxjter with no splice). An JCtffil to Sail frag- 
ment containing the SV40 19S/16S splice donor and 16S acceptor sites was excised from plasmid pUC12/pL1 (Robin- 
son et al.. PCT US86/02269) and inserted into the Sail site of plNG2126, screening for the correct orientation of the 

35 splice region to form plNG21 33(AbI promoter plus SV40 1 9S/1 6S splice). 

[0058] The metallothionein MMT promoter was obtained from the plasmid pBPV-MMT neo (American Type Culture 
Collection #37224) and was excised as an EesRI to Bgl" fragment and ligated to EofiRI plus BamHI cut pUC19. The 
EcoRI to Sail DNA fragment of the resulting plasmid was excised and ligated to EcqRI plus Xbsl cut plNG2122 to form 
plNG2131 (MMT promoter plus SV40 19S splice). 

40 [0059] The RSV promoter was obtained from pRSVcat (American Type Culture Collection #37152) and was exdsed 
as a 560-bp Hind lll to SfaNI DNA fragment. After T4 DNA ploymerase treatment, the fragment was ligated to Sma l cut 
M13nfp19 and the resultant recombinant phage were selected for the orientation where the insert EcoRI site was clos- 
est to the vector §a!l site. The RSV promoter DNA was then excised by partial digestion with EggRI followed by com- 
plete Sail digestion and ligated to the large DNA fragment from EsqRI plus Xhal cut plNG21 22 to form plNG2132 (RSV 

45 promoter plus SV40 1 9S splice). 

[0060] The reference expression plasmid plNG2121b (SV40 promoter plus SV40 19S splice) was nxxiified to incor- 
porate different splice regions. First. plNG2121b was digested with ^1 and Sail and setf-ligated to delete the splice 
region, forming plNG2128 (SV40 promoter, no splice). Second, the SV40 19S/16S splice region (SV40 19S/16S splice 
donor and splice acceptor) was excised as a 174 bp Xhfil to Sail DNA fragment from pUC12/jpL1 (Robinson, R.R. etal.. 

so supra), and ligated to XhQl plus Sail cut plNG2121b. The resultant plasmid DNAs were screened for the proper orien- 
tation of the inserted splice region, forming plNG2127 (SV40 promoter 19S/16S splice region). 
[0061] The expression vectors were modified to include L chain genomic polyadenylation and transcription termina- 
tion regions. The first step was the Hind lll digestion and religation of plasmid plNG2121a, which is identical to 
plNG2108a described by Liu, A.Y etal. . J. Immunology 139 :3521 (1987), with one exception. It differed in that the Vl 

55 region used in rts construction was from the L6 mAb (Uu, A.Y etal. .. Proc. Natl. Acad. Sd.. USA 84:3439 (1987)) rather 
than the 2H7 mAb. This modified plNG2121a was termed plNG2121a-deltaH. The 1.1-kb Bglll to BgrnHI fragment of 
mouse genomic DNA distal to the polyadenylation site (Xu, M. et al.. J. Biol. Chem. 261:3838 (1986)) was isolated from 
pSl07A (provided by Dr. Randolph Wall, UCLA) and inserted into the EamHI site of plNG2121a-deltaH, saeening for 
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the orientation homologous to the native gene. The 3.3 kb Bglll to SstI fragment containing this modified 3' region was 
ligated to the 5.2 kb Bglll to SsJI fragment of plNG2121b to form plNG1703 (SV40 promoter, mouse k genomic 3' 
region). Similarly, a 3 kb Ssll to Bam HI DNA fragment from the human genomic k 3' region (Hieter et al.. Cell 22 :197 
(1980) was ligated to the 5.2-kb BglH to Sail fragment of plNG2121b to form plNG1704 (SV40 pronnrter. human k 3' 
5 genomic region). The Bglll to gall fragment of plNG1703 containing the modified 3* region and chimeric k coding 
sequence was ligated to the large Bglll to S§ll fragment of plNG2133, resulting In the 9.1 -kb k expression vector 
plNG1712 (Abl promoter, 16S/19S splice, mouse 3* region). Figure 2 shows the construction of plNG1712. 
[0062] The various vectors containing different promoters, splice regions, and 3* regions described above are sum- 
marized in Tat}le 1 . 

10 [0063] The plasmid expression vector DNAs described above were used to transfect mouse hybridoma Sp2/0 cells 
to test the efficacy of the various promoters and splice regions. Each plasmid DNA was linearized by Eyul digestion and 
transfected into Sp2/0 celts by electroporation (Potter, H. et al.. Proc. Natl. Acad. Sci.. USA 81:7161 (1984)). The elec- 
troporation conditions were: 10 to 20 ^g of linearized DNA mixed with 10x10^ Sp2/0 cells in 0.5 ml of phosphate buff- 
ered saline (IRVINE Scientific #9236), using a 5-msec pulse of. 300V from a BTX-T100 transfector and 471 cuvette 

75 electrode (Biotechnologies and Experimental Research, San Diego, California). After transf action, cells were allowed 
to recover in DMEM growth medium (Dulbecco's modified Eagle medium plus 10% fetal bovine serum, GIBGO) for 24 
hours, and then transferred to 96-weII culture plates in mycophenolic add growth medium (Df^EM growtii medium sup- 
plemented with 0.006 mg/ml niycophenolic acid (Calbiochem) and 0.25 mg/ml xanthine (SIGMA)). Individual wells pos- 
itive for cell growth were expanded in mycophenolic acid growtti medium prior to assay of secreted or intracellular L 

20 chain by enzyme-linked immunosorbent assay (ELISA). 

[0064] The results of several transfection experiments are summarized in Tat}le 1 . Experiments 1 , 2, 4, and 5 show 
initial comparisons of the various promoters tested. The strongest promoters in this assay were the Abl and RSV LTR 
promoters, and the ranking from strongest to weakest is: Abl, RSV > SV40 > MMT, VI. This indicates that the use of 
viral LTR promoters such as Abl and RSV for the expression of immunoglobulin cDNA genes is advantageous over 

25 genomic pronr)oters such as MMT and V1 . These results are surprising because mouse H chain immunoglobulin pro- 
moters such as V1 are known to be strong promoters in the presence of the H chain immunoglobulin enhancer, which 
is present in all of the above vectors. 

[0065] Experiments 3 end 6 in Table 1 compare tiie use of different splice regions in the expression of L chains. The 
results demonstrate that the presence of the 16S/19S splice is more efficient than either tiie 19S splice or no splice. 
30 Since the 19S splice is has a relatiavely small intervening sequence (31 nucleotides), tiie presence of an intervening 
sequence larger than 31 nucleotides is advantageous. 

[0066] Experiment 7 compares the different polyadenylation and transaiption termination regions. The use of either 
mouse or human genomic polyadenylation and transcription termination regions appears to result in more efficient k 
synthesis than does the use of the SV40 viral polyadenylation region. The combination of the most efficient promoter. 
35 splice region, and polyadenylation and transcription termination region (plNG1712) is tested in experiments 8 and 9. 
These experiments show that tiie combination of gene expression elements in plNG1712 are far more efficient than the 
starting plasmid plNG21 21b. giving a 6 to 1 7-fotd inaease in k expression level. 



Table 1 



Chimeric Light Chain Plasmid Transfection Results 


Experiment 


p!NG# 


Gene Expres- 
sion Ele- 
mertts:*®^ 
Pro- 

moter/Splice/3' 


No. of Wells 
Tested 


intracellular 

Kappa^> 
(ng/105 cells) 


Secreted 
Kappa(<=J 
(ng/ml) 


Relative Kappa 
Expressions^ 


1 


2121b 


SV/19S/SV 


24 


.18±.10 


ND(«) 


1.0 




2123 


VI /19S/SV 


24 


.12 ±.08 


ND 


0.7 




2124 


VI /(|>/SV 


24 


.09 ±.11 


ND 


0.5 




2126 


Abl /(t>/SV 


24 


.44 ±.21 


ND 


2.4 



55 
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Table 1 (continued) 





Chimeric Light Chain Plasmid Transtection Results 


5 ^ 


Experiment 


plNG# 


Gene Expres- 
sion Eie- 

Pro- 
n>oter/Sp!ice/3' 


No. of Wells 
Tested 


intracellular 
Kappa<^) 

rnn/1 05 cpIIs^ 


Secreted 
Kappat*^) 


Relative Kappa 
Expressions^ 


10 


2 


2121b 


SV/19S/SV 


7 


.22 ±.11 


ND 


1.0 




2126 


Ab1/(|)/SV 


9 


.76 ±.75 


ND 


3.5 






2125 


Ab1/19S/SV 


12 


.28 ±.41 


ND 


1.3 






2123 


M 

V1/19S/SV 


24 


.10 ±.07 


ND 


0.5 


15 


3 


2121b 


SV/19S/SV 


24 


.22 ±.14 


ND 


1.0 






2127 


SV/16S/SV 


24 


.37 ±.41 


ND 


1.7 






2128 


oV / 9 / o V 


24 


*'.16 ± .07 


ND 


0.7 


20 


4 




oV / lyo / oV 




jto -1. oo 

.4y ± .od 


Nin 


1.0 




2126 


Ab1/<|»/SV 


21 


.41 ±.20 


ND 


0.8 






2125 


Ab1/19S/SV 


13 


.64 ±.40 


ND 


1.3 


25 




2131+CdW 


MMT / 19S / 
oV 

KUKRT 1 IOC / 

MM 1, / lyo / 
SV 


18 


.48±.18 

.od ± .10 


ND 


1.0 
U./ 




5 


2121b 


SV /19S/SV 


20 


.34±.11 


ND 


1.0 


30 




2132 


RSV / 19S / 
SV 


8 


.50 ±.53 


ND 


1.5 




6 


2121b 


SV/19S/SV 


22 ' 


ND 


48 ±30 


1.0 






2125 


Ab1/19S/SV 


14 


ND 


51 ±30 


1.1 


35 




2126 


Ab1/<|>/SV 


23 


ND 


79 ±50 


1.6 






2133 


Ab1/16S/SV 


22 


ND 


110±80 


2.3 




7 


2121b 


SV/19S/SV 


22 


ND 


58±40 


1.0 


40 




1703 


SV/19S/mok 


24 


ND 


107 ± 130 


1.8 




1704 


SV/19S/huk 


19 


ND 


112±170 


1.9 




8 


2121b 


SV/19S/SV 


23 


ND 


21 ±14 


1.0 


45 




1712 


Abl / 16S / 
mok 


6 


ND 


360 ±210 


17.2 




9 


2121b 


SV/19S/SV 


24 


ND 


25 ±21 


1.0 






1712 


Abl / 16S / 
mok 


48 


ND 


153 ±125 


6.1 



50 



LEGEND TO TABLE 1 
[00671 



Promoter abbreviations: 
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SV SV40 early promoter 

V1 immunoglobulin heavy chain VI promoter 

Abl . Abelson virus LTR pronxjter 

MMT mouse metallothionein promoter 

5 RSV Rous sarcoma virus LTR promoter 

Splice region abbreviations: 

<tk no splice region 
TO 16S 19S/16S splice region 

3' (polyadenylation and transcription termination) abbreviations: 

SV40 SV40 late region 
15 nrok mouse kappa genomic region 

huk human kappa genomic region 

Intracellular kappa chain was measured by ELISA solubilized protein from healthy cells. Results are as mean (± 
SD) kappa chain level. 

20 Seaeted kappa chain was measured by ELISA of a culture supernatant Results are reported as mea kappa 

chain level. 

"Relative Kappa Expression" was determined by div mean expression by the mean expression of plNGi2121b. 

25 ND: no data 

(0 

+Cd: cadmium sulfate added to culture 
30 -Cd: no cadmium sulfate added to culture 

EXAMPLE 2 

IMPROVED GENE EXPRESSION ELEMENTS FOR CHIMERIC HEAVY CHAIN IMMUNOGLOBULIN SYNTHESIS 

35 

[0068] An approach to improve immunoglobulin H chain synthesis Involves aeating an L chain producing cell line, 
and then transfecting that cell line with H chain expression plasmids containing various gene expression elements. As 
an example of this approach to make L chain producing cells, a chimeric mouse-human X plasmid expression vector, 
plNG2203, was constructed and then used to transfect murine Sp2/0 cells. The construction required the combination 
40 of a human 0;^ region gene nrxxJule with a mouse V^ region. 

A. CONSTRUCTION OF A HUMAN LAMBDA CONSTANT REGION GENE MODULE 

[0069] A human C^ gene cassette was constructed from the genomic human C^ region of plasmid pHuXI (Hieter, P. 

45 et a).. Nature 294:536-540 (1981)). Initially, two Bam HI to Sstl fragments- were subdohed into M13mp19 to generate 
pLJ6 and pLJ8. Plasmid pLJ6 contains the DNA sequence coding the 3' end of the human JX-CX intron and the 5* end 
of the human C^ exon. The nucleotide sequence of this region was determined, and site^lirected mutagenesis was 
used to insert an Avrll site at the intron/exon junction. The location of this restriction site was chosen so that an in-frame 
fusion could be made tjetween the conserved Avrll site at the mouse J-C junction from any mouse Vj, cDNA clone and 

50 the human Cj^ module. The oligonucleotide used for introduction of an Avrll site was: 5'-CCTTGGGCTGACCTAGGT- 
GGA-3\ The derivative of pLJ6 containing an ^11 site was called plNG1459. TTie entire human C^ region was then 
reconstructed by ligating DNA fragments from plNG1459 and pLJ8 into pBR322NA (pBR322NA is pBR322 containing 
a deletion between Nde l and Ava l) to generate plNG1462. This construction scheme is outlined in Rgure 3. 
[0070] plNG1462 was further nrKxJified to include the human X polyadenylation region by ligation of the OX gene mod- 

55 ule to the contiguous 3' region (Figure 4) of genomic DNA from pHuXI , forming the human C^ region vector plNG2201 . 
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B. CONSTRUCTION OF THE LIGHT CHAIN EXPRESSION VECTOR DING22Q3 

[0071] RNA isolated from a hybridoma cell line secreting the Br-3 mouse mAb (lgG1 ,X) (see Background) was used 
to generate a plasmid cDNA library by the method of Gubler and Hoffman (Gene 25:263 (1983)). From this library, a 

5 . cDNA done encoding the entire Br-3 X chain was isolated. 

This cDNA clone, pR3L-1 1 , was modified for expression in mammalian cells as follows. The oligo-dC sequence 5' to the 
module in pR3L-1 1 was removed in a number of steps that resulted in the positioning of a Sal' restriction site 
upstream of the coding sequence for Br-3 X. First, a P§il to gsti subclone of pR3L-1 1 was made in M13mp19 to gener- 
ate pL5. This plasmid was cut with Hind lll and treated with BglSI nuclease to renrove the oligo-dC tail, followed by T4- 

10 polymerase treatment. EcqRI digestion and subcloning into Sma l and EcqRI digested pUCIS. This located a Sail site 
iipstream of the region (plasmid pWW9). A Bam HI site was deleted .between the Sail site and the lannbda initiation 
codon by digestion with Bam HI followed by mung bean nuclease digestion and religation to generate pWW9-2. The 
nucleotide sequence around"' the Sail site was determined to be GTCGACT CCCCGAAAAGAATAGACCT- 
GGTTTGTGAATTAJQ, where the Sail site and initiation codon ATG are underlined. 

IS 10072] The chimeric Br-3 X gene was constructed in a three-piece ligation from the vector Mil to gall fragment from 
pING2201 , the mouse region Sail to Ssll fragment from pWW9-2, and, the SstI to ^11 fragment from pR3L-1 1 . gen- 
erating plNG2202 (Rgure 4). The final chimeric L chain expression vector, p1NG2203, was constructed in a three-piece 
ligation from plNG1712 (Bql ll to Sajl fragment containing the IgH enhancer, Abelson LTR promoter, and SV40 163 
splice), plNG2003Egpt (Robinson. RH, etal.. PCT US86/02269, Bglll to EcoRI fragment containing the OPT gene and 

20 the SV40 polyadenylation region (equivalent to pSV2gpt), and plNG2202 (Sail to EcoRI containing the chimeric Br-3 X 
gene and human X polydenylation region). This construction is shown In Rgure 4. plNG2203 is the chimeric Br-3 X 
equivalent of the chimeric LB k producer, plNG1712 (Example 1). 

C. CONSTRUCTION OF HEAW CHAIN EXPRESSION VECTORS 

25 

[0073] From the Br-3 cDNA library a H chain cDNA clone was isolated which contained the entire coding region of 
the Br-3 immunoglobulin H chain. This cDNA clone, pR3G-11, was adapted for expression in mammalian cells as out- 
lined in Figure 5. The Br-3 J region is Jh3 and contains a natural £sll site near the V-Ch1 junction that can be used to 
link the mouse V and human C modules. A honnologous Esll site was therefore inserted into a human Cy1 cDNA gene 

30 module. A portion of the human C^1 region fused to the L6 specificity (Liu, A.Y et al.. Proc. Natl. Acad. Sd.. USA 
84:3439 (1 987)) was subdoned into Ml 3 from a Sail site 5* of the chimeric gene to the SstI site (previously altered to a 
Bam HI site by Ssll cleavage and insertion of Bam HI oligonucleotide linkers) of the 0^2 region to generate plNG1402. 
This plasmid was mutagenized with the oligonucleotide 5'-TTGTGCTGGCTGCAGAGACTGTG-3' to introduce a Pgtl 
restriction site to generate plNG1458. Fusion of the human p!NG1458 ChI region to a mouse V-Jh3 region at the 

35 homologous Esll sites will yield an in-frame chimeric gene with conservation of amino acid sequence. Rnally. a ^1 
restriction site was introduced 5* to the ATG initiation codon by site-directed mutagenesis in pXX7 (Rgure 5) with the 
primer 5'-TGTGTTTGTCGACGAAGAGAAAG-3'. 

[0074] The modified chimeric mouse V-human C^l plasmid was used in a three-way ligation to form the expression 
vector, plNG2206 (see Figure 5). The vector sequences containing the Abl LTR promoter were from plNQ1714, which 

40 was constructed as shown in Figure 6. First, the SV40 expression plasmid plNG2111 (Robinson et al. .. PCT 
US86/02269) was modified by the insertion of an AgJII oligonucleotide linker at tiie site, followed by Aatll cleavage 
and religation to form plNG1707. The Agtll to Sail fragment containing the Abelson LTR promoter was excised from 
plNG2133 and ligated to the large Aatll to Sail fragment of pi NG 1707 to form plNG171 1 . The H chain enhancer was 
deleted from pINGI 71 1 by EcqRI digestion, T4 polymerase treatment, ligation to Aalll oligonucleotide linker, and cleav- 

45 age and religation with ^11 to form the 7.7 kb expression vector pINGi 714 shown in Figures 5 and 6. 

[0075] The reconstructed chimeric H chain expression plasmid plNG2206 was modified in the promoter-enhancer 
region in two ways. First, a H chain IgH enhancer was placed upstream of the Abl promoter to form plNG221 7. Second, 
substitution of tiie Aatll to SaJI region of plNG221 7 (H chain enhancer. Abl promoter, IBS splice region) with the homol- 
ogous region of plNG2127 generated plNG2218 (H chain enhancer, SV40 promoter, 16S splice region). 

50 [0076] plNG2206 was also modified at the 3' end in two ways. Rrst, the poly-A stretch from the human IgGI cDNA 
was deleted between the Bam HI site immediately downstream of the poly-A and the Xma lll site immediately 3' to the 
IgGI stop codon, bringing the SV40 polyadenylation region closer to the IgGI gene and generating plNG2220. Second, 
the 1300 nucleotide Xma lll fragment from human IgGI genomic DNA (Ellison etai. .. Nucleic Add Res. 10:4071 (1982)) 
was added at the Xma lll site 3' to the stop codon. generating plNG2219. plNG2219 thus contains the genomic human 

55 IgGI polyadenylation signal and site. 
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D. ANALYSIS OF HEAVY CHAIN GENE EXPRESSION ELEMENTS BY TRANSFECTiON 



[0077] A L chain producing cell line was first made by transfection of Sp2/0 cells with plNG2203 by the electroporation 
method in Example 1 and subcloning to generate cell line 22031 B5.14. 

[0078] The 22031 B5.1 4 cell line was subsequently transfected by electroporation with the various chimeric Br-3 H 
chain expression plasmid DNAs. Cells expressing the associated selectable neo^ gene were selected by growth in com- 
plete DMEM medium supplemented with 0.8 mg/ml G418 (GIBCO). Cultures from 96-well plates containing G418- 
resistant cells were expanded to 48-well plates and the secreted chimeric nrx)use-human H chain of terminal cultures 
was measured by ELISA specific for human gamma chains. TTie transfection results are summarized in Table 2. 
[0079] In the first experiment, the effects of different promoter and enhancer combinations were examined (all of these 
experiments used the 19S/16S splice region). The results show that the Abl viral LTR promoter Is more efficient than 
the SV40 promoter, and that the Inclusion of an immunoglobulin H chain enhancer is advantageous for the Abl LTR pro- 
moter driving a H chain cDNA gene. The second experiment compares various 3' configurations of the chimeric Br-3 
expression unit. The construct containing the IgGI H chain genomic polyadenylation region (plNG2219) results In 
higher H chain expression than those which contain only the SV40 polyadenylation region (plNG2220), or the cDNA 
poly-A stretch and SV40 polyadenylation region (plNG2206). 

[0080] From this information, an improved vector for the expression of chimeric Br-3 H chain would comt^ine the Immu- 
noglobulin H chain enhancer, ^ LTR pronnoter. and the human genomic polyadenylation region. Accordingly, the DNA 
fragment containing the improved gene expression elements from plNG2217 (H chain enhancer, Abl LTR promoter, 
16S splice) was tigated to that from plNG2219 (genomic polyadenylation region) to generate the improved chimeric Br- 
3 H chain gene expression vector, piNG2227. This vector was used for the transfection of chimeric Br-3 L chain produc- 
ing cells to achieve efficient synthesis of chimeric Br-3 H chain and the resulting fully-assembled chimeric antibody. 
[0081] The above-described gene expression elements are also useful for expression of immunoglobulins In cells 
other than mouse Sp2/0 hybridoma cells. For exanrple, CHO cells were transfected with pINGI 71 2 + pINGI 71 4 to yield 
efficient synthesis of fully assembled chimeric antibodies. 



Table 2 



Chimeric Heavy Chain Plasmid Transfection Results 


Experiment 


plNG# 


Gene Expres- 
sion Ele- 
ments:f®^ 

Enhancer / Pro- 
moter / 3' 


No. of Wells 
Tested 


Secreted 
Gamma^^) 
(^g/mO 


Relative 
Gamma Expres- 
sion(<=> 


Highest Pro- 
ducer (^g/ml) 


1 


2206 


-/Abl /poly A 


24 


.61 ± .38 


1.0 


1.3 




2217 


+ /Ab1 /poly A 


23 


.83 ± .69 


1.2 


2.3 




2218 


+ /SV40/polyA 


22 


.52 ± .24 


.9 


1.2 


2 


2206 


-/Ab1/polyA 


23 


.38 ±.29 


1.0 


1.1 




2220 


-/Abl /SV40 


24 


.33 ± .23 


.9 


0.8 




2219 


-/Abl /hu 
gamma 


23 


.67 ±,29 


1.8 


1.2 



Enhancer abbreviations: 
+ presence of immunoglobulin heavy chain enhancer 



absence of immunoglobulin enhancers 
Promoter abbreviations: 
Abl Abelson virus LTR 
SV40 SV40 early 
3* (polyadenylation) abbreviations: 

poly A human gammal cDNA, polyadenylation signal, and SV40 polyadenylation region 
SV40 SV40 polyadenylation region only 

hu gamma human gammal immunoglotujlin genomic DNA containing the chromosomol polyadenylation region 
Secreted gamma chain was measured by ELISA of a terminal culture supernatant. 

"Relative Gamma Expression" is determined by dividing the mean expression by the mean expression of plNG2206. 
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EXAMPLE 3 

Chimeric IVIouse-Human Immunoglobulins with Human Tumor Specificity Produced from Mammalian Cells 

1. Recombinant Plasmid and Bacteriophage DMAs 

[0082] Tlie plasmids pUC18, pUC19, and dG-tailed pBR322, pSV2-neo and pSV2-gpt were purchased from BRL 
(Gaithersburg, MD) as were M13mp18 and M13mp19. DNA manipulations involving purification of plasmid DNA by 
bouyani density centrifugation, restriction endonuclease digestion, purification of DNA fragments by agarose gel elec- 
trophoresis, ligation and transformation of E. coli were as described by Maniatis, T„ etal.. Molecular Cloning: A Labo- 
ratory Manual (1982), or other .standard procedures. Restriction endonucleases and other DNA/RNA modifying 
enzymes were purchased from Boehringer-Mannheim (Indianapolis. IN), BRL, and New England Biolabs (Beverly. MA). 

2. RNA PurHication and cDNA Ubrarv Constmction 

a. ING-1 (Chimeric B38.1) 

[0083] One liter of B38.1 hybridoma cells at approximately 1x10^ cells/ml were collected by centrifugation and 
washed in 100 ml of PBS (8 g NaCI, 0.2 g KH2PO4, 1 .15 g Na2HP04. and 0.2 g KCI per liter). The cells were centrrfuged 
again and the cell pellet was suspended in a solution of guanidine thiocyanate, and total cellular RNA and poly(A)'^ RNA 
were prepared from tissue culture cells as desaibed in Maniatis, T, etal.. supra . 

[0084] Oligo-dT primed cDNA libraries were prepared from poly(A)+ RNA by the methods of GuWer. V., and Hoffman, 
B.J., Gene 2^:263 (1983). The cDNA was dC-tarled with terminal deoxynucleotide transferase and annealed to dQ- 
tailed pBR322. cDNA libraries Were screened by hybridization (Maniatis, T. et al.. suora) with ^^P-labeled. nick-trahs- 
lated DNA fragments, i.e., for k clones with a mouse C^ region probe and for H chain clones with an IgGI C region 
probe. 

[0085] The L and H chain V region fragments from the full length clones, pRIK-7 and pRIG-8 respectively, were 
inserted into Ml 3 bacteriophage vectors for nucleotide sequence analysis. The complete nucleotide sequences of the 

V region of these clones were determined (Rgures 7 and 8) by the dideoocy chain termination niethod. These 
sequences predict V region amino acid compositions that agree well with the observed compositions, and predict pep- 
tide sequences which have been verified by direct amino acid sequencing of portions of the V regions. 

[0086] The nucleotide sequences of the cDNA clones show that they are immunoglobulin V region clones as they con- 
tain amino acid residues diagnostic of V domains (Kabat etal.. Sequences of Proteins of Immunological Interest: U.S. 
Dept. of HHS. 1983). 

[0087] The B38.1 Vh belongs to subgroip II. The B38.1 Vh has the Jh4 sequence. B38.1 has the J^l sequence. 

b. ING-2 (Chimeric Br-3) 

[0088] One liter of Br-3 hybridoma cells at approximately 1x10^ cells/ml were collected by centrifugation and washed 
in 100 ml of PBS (8 g NaCI, 0.2 g KH2P04, 1.15 g Na2HP04. and 0.2 g KCI per liter). The cells were centrrfuged again 
and the cell pellet was suspended in a solution of guanidine thiocyanate, and total cellular RNA and poly(A)'*' RNA were 
prepared from tissue culture cells by methods described in Maniatis. T, et al.. suora . 

[0089] Oligo-dT primed cDNA libraries were prepared from poly(A)* RNA by the methods of Gubler, V., and Hoffman, 
B.J., suora . The cDNA was dC-tailed with terminal deoxynucleotide transferase and annealed to dG-tailed pBR322. 
cDNA libraries were screened by hybridization (Maniatis. T. et al.. supra) with ^^P-labeled, nick-translated DNA frag- 
ments, i.e., for X clones vwth a mouse C^ region probe and for H chain clones with an lgG1 C region probe. 
[0090] The L and H chain V region fragments from tiie full length clones, pR3L-1 1 ard pR3G-1 1 respectively, were 
inserted into Ml 3 t>acteriophage vectors for nucleotide sequence analysis. The complete nucleotide sequences of the 

V region of these clones were determined (Figures 14 and 15) by the dideoxy chain termination metiiod. These 
sequences predict V region amino acid compositions that agree well with the obsen^ed compositions, and predict pep- 
tide sequences which have been verified by direct amino acid sequencing of portions of the V regions. 

[0091 ] The nucleotide sequences of the cDNA clones show that they are immunoglobulin V region clones as they con- 
tain amino acid residues diagnostic of V domains (Kabat et al.. supra .) 

[0092] The Br-3 Vh belongs to subgroup INC. The Br-3 Vh has the Jh3 sequence and the Br-3 Vl has tiie 
sequence. 
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c. ING-3 (Chimeric Ck>-1) 

[0093] One liter of Co-I hybridoma cells at approximately 1X10^ cells/ml were collected by centrtfugation and 
washed in 100 ml of PBS (8g NaCI. 0.2g KH2P04, 1.1 5g Na2HP04,and 0.2g KCI per liter). The cells were centrlfuged 
5 again and the cell pellet was suspended In a solution of guanidtne thiocyanate, and total cellular RNA and poly(A)'^ RNA 
were prepared from tissue culture cells by methods described in Maniatis, T, et al.. supra . 

[0094] Oligo-dT primed cDNA libraries were prepared from poly(A)* RNA by the methods of Gubler, V. and Hoffman. 
B.J., supra . Ttie cDNA was dC-tailed with terminal deoxynucleotide transferase and annealed to dG-tailed pBR322. 
cDNA libraries were screened by hybridization (Maniatis, T. supra) with ^^P-labelled. nick translated DNA fragments. 
10 ie., for k clones with a mouse region probe and for H chain clones with a mouse IgGI C region probe. 

[0095] The L and H chain V region fragments from the full length clones, p01K-8 and p01G-11 respectively, were 
inserted into Ml 3 bacteriophage vectors for nucleotide sequence analysis. The complete nucleotide sequences of the 

V region of these clones were determined (FIGURES 21 and 22) by the dideoxy chain termination method. These 
sequences predict V region amino add compositions that agree well with the observed compositions, and predict pep^ 

15 tide sequences which have been verified by direct amino add sequencing of portions of tiie V regions. 

[0096] The nucleotide sequences of the cDNA clones show that tiiey are immunoglobulin V region clones as they con- 
tain amino acid residues diagnostic of V domains (Kabat etal.. supra) . 

[0097] The Co-1 Vh belongs to subgroup II. The Co-1 Vh has the Jh4 sequence and tiie Co-1 has the J^S 
sequence. 

20 

d. ING-4 (Chimeric ME4) 

[0098] One liter of ME4 hybridoma cells at approximately 1x10® cells/ml were collected by centrifugation and washed 
in 100 ml of PBS (8 g NaCI. 0.2 g KH2PO4, 1 .15 g Na2HP04. and 0.2 g KCI per liter). The cells were centrifuged again 
25 and the cell pellet was suspended in a solution of guanidine thiocyanate, and total cellular RNA and poly(A)'*' RNA were 
prepared from tissue culture cells by methods described in Maniatis, T, et al.. supra . 

[0099] Oligo-dT primed cDNA libraries were prepared from poly(A)"*" RNA by the methods of Gubler, V., and Hoffman, 
B.J., supra . The cDNA was dC-tailed with terminal deoxynucleotide transferase and annealed to dG-tailed pBR322. 
cDNA libraries were screened by hybridization (Maniatis. T. supra) witti ^^P-labeled, nick-translated DNA fragments, 
30 i.e.. for k dones witii a n>ouse C^ region probe and for H chain clones with an lgG1 C region proba 

[0100] The L and H chain V region fragments from the full length clones, pE4K-15 and pE4G-21 respectively, were 
inserted into Ml 3 bacteriophage vectors for nudeotide sequence analysis. The coniplete nucleotide sequences of the 

V region of these clones were determined (Figures 29 and 30) by the dideoxy chaina terminations metiiod. These 
sequences predict V region amino add compositions tiiat agree well with the observed compositions, and predict pep- 

35 tide sequences which have been verified by direct amino add sequencing of portions of the V regions. 

[01 01 ] The nudeotide sequences of the cDNA dones show tiiat they are immunoglobulin V region dones as they con- 
tain amino acid residues diagnostic of V domains (Kabat etal.. supra .) 

[0102] The ME4 belongs to subgroup II. The ME4 Vh has the Jh4 sequence and the ME4 has the J^l 
sequence. 

40 

e. KMIO 

[0103] One liter of KM10 hybridoma cells at approximately 1X10® cells/ml were collected by centrifugation and 
washed in 100 ml of PBS (8g NaCI. 0.2g KH2PO4. 1 .15g Na2HP04, and 0.2g KC! per liter). The cells were centrifuged 
45 again and the cell pellet was suspended in a solution of guanidine thiocyanate, and total cellular RNA and poly(A)'*" RNA 
were prepared from tissue culture cells by metiiods desaibed in Maniatis, T, etal.. aucca. 

[0104] Oligo-dT primed cDNA libraries were prepared from poly(A)'*" RNA as above. The cDNA was dC-tailed witii 
terminal deoxynucleotide transferase and annealed to dG-tailed pBR322. cDNA libraries were screened by hybridiza- 
tion (Maniatis, T, suora) with ^^P-labelled, nick franslated DNA fragments, i.e., for k clones with a mouse Ok region 

so probe and for H chain clones with a mouse IgGI C region probe. 

[0105] The L and H chain V region fragments from the full length cDNA dones, pM10K-16 and pM10G-2 respectively, 
were inserted into Ml 3 bacteriophage vectors for nucleotide sequence analysis. The complete nucleotide sequences 
of tiie V region of tiiese clones were determined (Figures 36 and 37) by the dideoxy chain termination method. These 
sequences predict V region amino add compositions tiiat agree well witii the observed compositions, and predict pep- 

55 tide sequences which have been verified by direct amino acid sequencing of portions of the V regions. 

[0106] The nucleotide sequences of the cDNA clones show that tiiey are immunoglobulin V region clones as they con- 
tain amino add residues diagnostic of V domains (Kabat etal.. supra) . 

[0107] The KM10 Vh belongs to subgroup II. The KM10 Vh has tiie Jh4 sequence and ttie KM10 V^ has tfie 
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sequence. 

3. In Vitro Mutagenesis to Place Restriction Enzyme Sites into the J Region for Joining to a Human C-Mcxiule. and to 
Rfimove Oligo dC Sequence 5' to the V Modules 

5 ■ - ' ' 

a. ING-1 

[0108] M1 3 subcloned DNA fragments were subjected to site-directed mutagenesis as described by Kramer, W., 
aL Nud. Acids Res. 12 :9441. Oligonucleotides were purchased from Synthetic Genetics, San Diego, CA, in their puri- 
10 fiedform. 

toi09] The appropriate phage M13 subclones of pRIK-7 and pRIG-S; which contain the B38.1 L and H chain copies, 
were subjected to site-directed nrutagenesis to insert restriction sites useful for subsequent cloning into chimeric 
expression vectors. For the B38.1 V^, the J-region mutagenesis primer V^IHindlli, 5'-GTTTGATTTCAAGCTTGGTGC- ' 
3*, was utilized. The human module derived from a cDNA clone was previously nrurtagenized to contain a Hind lii site 
15 inthehuman J region. Liu. A.Y. et al.. Proc. Natl. Acad. Sci. USA 84:3439-3443 (1987). A Sail restriction site was intro- 
duced 5' to the ATG initiation codon by site-directed mutagenesis with the primer 5'-ATGGTGAGTCGACAGTGAC- 
CCCC-3\ 

[01 1 0] The cDN A clone containing the B38. 1 H chain was likewise adapted for expression by introducing a BglEll site 
into the Jh4 for linkage to the human C domain, and a Sail site was introduced 5' of the ATG initiation codon by srte- 
20 directed mutagenesis. The oligonucleotide used for mutagenesis to introduce a BsJEI! site was 5'-GAGACGGTGAC- 
CGAGGTTCC-3' and that for the Sail site was 5'-GAAGTGGTGCCTGtCGACTAACTGGTC-3'. A derivative of the 
human C gene cDNA clone pGMH-6, Uu, A.Y., etal.. Proc. Natl. Acad. Sci. USA 84:3439-3443 (1987), contains a 
BslEII site to which the B38.1 H chain V region can be ligated (Figure 9). 

25 b. ING4 

[0111] M13 subcloned DNA fragments were subjected to site-directed mutagenesis as described by Kramer, W., st 
aL Nucl. Acids Res. J£3441 . Oligonucleotides were purchased from Synthetic Genetics, San Diego, California, in their 
purified form. 

30 [0112] The appropriate phage M13 subclones of pE4K-15 and pE4G-21, which contain the ME4 L and H chain cop- 
ies, were subjected to site-directed mutagenesis to insert restriction sites useful for subsequent cloning into chimeric 
expression vectors. For the ME4 V^, the J-region mutagenesis primer J^l Hindi!!, 5*-GTTTGATTTCAAGCTTGQTGC-3*, 
was utilized. The human module derived from a cDNA done was previously mutagenized to contain a Hindi!! site in 
the human J region. Uu, A.Y., etal. (1987) supra . A Sail restriction site was introduced 6* to the ATG initiation codon by 

35 site-directed mutagenesis with the primer 5*-GGACATCATGTCGACGGATACGAGC-3*. 

[0113] The cDNA clone containing the ME4 H chain was likewise adapted for expression by introducing a BstEli site 
into the Jh4 for linkage to the human C domain, and a Sail site was introduced 5' of the ATG initiation codon by site- 
directed mutagenesis. The oligonucleotide used for mutagenesis to introduce a gsJE!! site was 5*-GAGACGGTGAC- 
CGAGGTTCC-3'. A derivative of the human C gene cDNA done pGMH-6. Uu. A.Y.. et al. (1987) suora. contains a 

40 BslEII site to which the ME-4 H chain V region can be ligated (Rgure 31). 

4. Expression Vectors and Chimeric Expression Plasmids (See Example 1 and Example 2, above) 

a. ING-1 

45 

[01 1 4] The chimeric H chain expression plasmids were derived from the replacement of the Vh module in pINGI 71 4 
with the Vh modules of plNG1604, as a Sail to EstEli fragment as outlined in Figure 9. This plasmid. plNG2225, directs 
the synthesis of chimeric INGr1 H chain when transfected into mammalian cells. 

[Oil 5] For the chimeric ING-1 L chain gene, the Sail to Hind lll fragment of the mouse Vk module from p!NG1474 was 
50 joined to the human Ck module in pINGI 712 by the procedure outlined in Figure 10, forming plNG2207. 

b. lNG-2 

[0116] (see Example 1 and 2. above) 

55 

c. ING3 

[Oil 7] The cDNA clone containing the Co-1 H chain, p01G-1 1 , was adapted for expression making use of restriction 
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enzyme recognition sites occumng naturally in this plasmid. Figure 23. An Nco l site overlaps the initiation codon ATG, 
and a BstEII is located in the, J-region. A derivative of the human C gene cDNA clone pGMH-6, Uu, A.Y, etal.. Proc. 
Natl Acad. Sci. USA 24:3439-3443 (1987), found in plNG1714 contains a SstEII site to which the Co-1 H chain V- 
region can be ligated. The final H chain expression plasmid is plNG2234. 

5 [0118] The cDNA clone containing the Co-1 L chain, pOI K-8, was adapted for expression In plNGI 712. The naturally 
occurring Saul (Mstll) restriction enzyme recognition site located 14 bp upstream of the initiation codon ATG (Figure 21) 
was used to locate a ^1 site near that position, and site directed mutagenesis as described by Kramer, W., et ah. 
supra, was used for J-region mutagenesis with the J^S Hindlll primer S- CAGCTCAAGCTTGGTCCC -3'. The Sail to 
Hindlll fragment of the mouse module from plNG1471 was joined to the human module in pING1712 by the pro- 

10 cedure outlined in Figure 24, forming plNG2204. 

d. ING-4 

[0119] The chimeric H chain expression plasmid was derived from the replacement of the Vh module in plNG2227 
15 with the ME4 Vh-J-Ch module assembled in plNG2222 (Figure 31). Two restriction fragments from plNG2222 contain- 
ing H chain sequences (Sail to Aoal and Acal to SslH) were ligated to plNG2227 cut with Sail and SstH (Figure 31 D. E) 
to generate plND2232, This plasmid directs the synthesis of chimeric lNG-4 H chain when transfected into mammalian 
cells. Figure 31 details the cloning steps required to manipulate the cDNA Vh region into plNG2232. 
[0120] For the chimeric ING-4 L chain gene, the Sail to Hind lll fragment of the mouse module from plNQ1 488 was 
20 joined to the human Ck nxxjule in plNG1712 by the procedure outlined in Figure 32, forming plNG2216. 

e. KM10 

[0121 ] The cDN A done containing the Kf^1 0 H chain, pKI OG, was adapted for mammalian expression by introducing 
25 convenient restriction endonucleases sites by site directed mutagenesis (Kramer, W., etal.. (1984). supra) into appro- 
priate Ml 3 siiKlones (Figure 39). Oligonucleotides were synthesized on a Cyclone DNA synthesizer, New Brunswick 
Scientific Co., and purified by acrylamide gel electrophoresis. The J-region mutagenesis primer 5'-GAC3ACGGTGAC- 
CGAGGTTCC-3' was used to insert a EstEII site into the Ml 3 subclone p4G2, and the oligonucleotide 5'-ATCCATGAT- 
GTCGACGACCTTGGGC-3' was used to insert a Sail restriction site into pR6C upstream of the initiation codon ATG. 
30 The restriction fragmerrt containing the KM10 H chain V-region bounded by Sai l and BstEII was then cloned into the 
expression vector plNG2227. 

[0122] The cDNA clone containing the KM10 L chain, pMI OK-16, was adapted for mammalian expression in a similar 
way (Rgure 39). The J-region mutagenesis primer 5'-CAGCTCAAGCTTGGTCCC-3' was used to insert a Hind lll site 
into the Ml 3 subclone p4K14, and the oligonucleotide 5'-GGATTTTGGTCGACGGCTAATTAGTG-3' was used to insert 
35 a Sail restriction site into p4BD upstream of the initiation codon ATG. The resti-iction fragment containing the KM10 L 
chain V-region bounded by S§!l and Hind lll was then cloned into the expression vector pINGI 712. 

5. Stable Transfection of Mouse Lymphoid Cells for the Production of Chimeric Antibody 

40 [0123] The cell line Sp2/0 (American Type Culture Collection # CRL1581) was grown in Dulbecco's Modified Eagle 
Medium plus 4.5g/l glucose (DMEM, Gibco) plus 10% fetal bovine serum. Media were supplemented with 
glutamine/penicillin/streptomycin (Irvine Scientific, Irvine, CA). 

[0124] The electroporation method of Potter, H., et al. (Proc. Natl. Add. Sd. USA 81:7161 (1984) was used. After 
transfection, cells were allowed to recover in complete DMEM for 24 hours, and then seeded at 10,000 to 50,000 cells 
45 per well in 96-well culture plates in tiie presence of selective medium. G418 (GIBCO) selection was at 0.8mg/ml, and 
mycophenolic add (Calbiochem) was at 6^g/ml plus 0.25mg/ml xanttiine. The electroporation technique gave a trans- 
fection frequency of 1-10 x 10'^ for the Sp2/0 cells. 

a. The chimeric lNG-1 L chain expression plasmid plNG2207 was linearized by digestion with Evyl restriction endo- 
50 nuclease and transfected into Sp2/0 cells, giving mycophenolic acid resistant clones which were saeened for L 

chain synthesis. The best producer after outgrowtii and subsequent subdoning. was transfected with plNG2225, 
the expression plasmid containing the chimeric ING-1 H chain gene. After selection witii G418, the clone producing 
the most L plus H chain was subcloned (cell line C499) and secreted antibody at approximately 10-15 ^g/^l. 

b. The chimeric lNG-2 L chain expression plasmid plNG2203 was linearized by digestion with Pvu l restriction endo- 
55 nuclease and transfected into Sp2/0 cells, giving mycophenolic acid resistant clones which were screened for L 

chain synthesis. The best producer after outgrowth and subsequent subdoning, was transfected with plNG2227, 
the expression plasmid containing the chimeric ING-2 H chain gene. After selection with G41 8, tiie clone produdng 
the most L plus H chain was subcloned (cell line C534) and secreted antibody at approximately 10-15 ^ig/ml. 
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c. The chimeric ING-3 L chain expression plasmid plNG2204 was linearized by digestion with Pvu l restriction endo- 
nuclease and transfected into Sp2/0 cells, giving mycophenolic acid resistant clones which were saeened for L 
chain synthesis. The best producer after outgrowth and subsequent subcloning was transfected with plNG2234. 
the expression ptasmid containing the chimeric. iNG-3 H chain gene. After selection with G418, the clone producing 

5 . the most L plus H chain was subcloned (cell line C542) and secreted antibody at approximately 5 pg/ml 

d. The chimeric ING-4 L qhain expression plasmid plNG2216 was linearized by digestion with Pvu l restriction endo- 
nuciease and transfected irrto Sp2/0 cells, giving mycophenolic acid resistant clones which were saeened for L 
chain synthesis. The best producer after outgrowth and subsequent subcloning, was transfected with plNG2232. 
the expression plasmid containing the chimeric INQ-4 H chain gene. After selection with G418, the clone producing 

10 the mosX L plus H chain was subcloned (cell line C489) and secreted antibody at approximately 10 fig/nfil. 

I e. The chimeric KM10 L chain expression plasmid plNG2242 was linearized by digestion with Pvu l restriction endo- 
nuclease and transfected, Into Sp2/0 cells, giving mycophenolic acid resistant clones which were saeened for L 
chain synthesis. The best producer after outgrowth and subsequent subcloning. was transfected with Pvu i-linear- 
ized plNG2240, the expression plasmid containing the chimeric KM 10 H chain gene. After selection with G418, the 

15 clone producing the nnost L plus H chain, Sp2/0-22426G2-22401C4 (ATCC Accession #HB 10131), seaeted anti- 
body at approximately 21 ^g/ml. i 

6. Purification of Chimeric Antibodies Secreted In Tissue Culture . 

20 a. ING-1 

10125] Sp2/0.plNG222071 C5.B7-plNG22253F2.G6 (C499) cells were grown in culture medium HB101 (Hana Biolog- 
ies), supplemented with 10 mM HEPES, 1x Glutamine-Pen-Strep (Irvine Scientific #9316). The spent medium was cen- 
trifuged at about 14,000 xg foir 20 minutes and the supernatant was filtered through a ,A5\i millipore nitrocellulose 

25 membrane filter and stored frozen* The antibody level was measured by ELISA, Approximately 20L of cell culture super- 
natant was concentrated 10-fold using a S10Y30 cartridge and pC-10 concentrator (Amicon Corp.). Supernatant con- 
taining about lOmg of antibody was loaded onto a 2 ml Protein A-Sepharose column (Phamiacia) preequilibrated with 
phosphate buffered saline. pH 7.4 (PBS). After washing with 40ml of PBS, the antibody was eluted with 20ml each of 
0.1M citric acid at pH 4,5, pH 3.5, and pH 2.3, collecting 1ml fractions into 0.1 ml of 2M Tris (hydromethyl) amino meth- 

30 ane (SIGMA). The loading and elution of the Protein A-Sepharose column was repeated until all the antibody was 
eluted. Fractions containing antibody were contiined and concentrated 20-foId by ultrafiltration (YM30 membrane, 
stin-ed cell, Amicon Corp.), diluted 1 0-fold with PBS, reconcfentrated 1 0-fold, diluted 1 0-foW with PBS, and finally recon- 
centrated 10-foId. The antibody was stored in 1 ml aliquots at -20**. 

35 b. ING-2 

[0126] Sp2/0.plNG22031B5.14-plNG22271D3,F11 (C534) cells were grown in culture medium HB1 01 (HanaBiolog- 
ics), supplemented with lOmM HEPES, 1x Glutamine-Pen-Strep (Irvine Scientific #9316). TTie spent medium was cen- 
trifuged at about 14,000 xg for 20 minutes and the supernatant was filtered through a .45u millipore nitrocellulose 

40 membrane f ilter and stored frozen, The antibody level was measured by ELISA. Approximately 20L of cell culture super- 
natant was concentrated 10-fold using a S10Y30 cartridge and DC-10 concentrator (Amicon Corp.). Supernatant con- 
taining about lOmg of antibody was loaded onto a 2ml Protein A-Sepharose column (Pharmacia) preequilibrated with 
phosphate buffered saline, pH 7.4 (PBS). After washing with 40ml of PBS, the antibody was eluted with 20ml each of 
0. 1 M citric acid at pH 4.5, pH 3.5, and pH 2.3, collecting 1 ml fractions into 0.1 ml of 2M Tris (hydroxymethyl) amino meth- 

45 ane (SIGMA). The loading and elution of the Protein A-Sepharose column was repeated until all the antitxxty was 
eluted. Fractions containing antibody weris combined and concentrated 20-fold by ultrafiltration (YM30 membrane, 
stirred cell, Amicon Corp.), diluted 10-fold witii PBS, reconcentrated 10-fold, diluted 10-fold with PBS, and finally recon- 
centi-ated 10 fold. The antibody was stored in 1m aliquots at -20**. 

50 c. ING-3 

[0127] Sp2/0.plNG2204587,F9-plNG22342G11.C11 (cell line C542) cells were grown in culture medium HB101 
(Hana Biologies), supplemented witii lOmM HEPES. 1x Glutamine-Pen-Strep (Irvine Scientific #9316). The spent 
mediums was centrifuged at about 14,000 xg for 20 minutes and the supernatant was filtered through a .45 micron mil- 
55 lipore nitrocellulose membrane filter and stored frozen. The antibody level was measured by ELISA. Approximately 20L 
of cell culture supernatant was concentrated 10-fold over a S10Y30 cartridge using DC-10 concentrator (Amicon corp). 
Supernatant containing about lOmg of antibody was loaded onto a 2ml Protein A-Sepharose column (Pharmada) 
preequilibrated with phosphate buffered saline, pH 7,4 (PBS). After washing with 40ml of PBS, the antitxxJy was eluted 



21 



EP 0 967 277 A2 



with 20ml each of 0.1M citric acid at pH 4.5. pH 3.5, and pH2.3. collecting. 1 ml fractions into 0.1 ml of 2M Tris 
(hydroxymethyl) amino methane (SIGMA). The loading and elution of the Protein A-Sepharose column was repeated 
until alt the antibody was eluted. Fractions containing antibody were combined and concentrated 20-fold by ultrafiltration 
(YM30 membrane, stirred cell, Amicon Corp.), diluted 10-fold with PBS, reconcentrated 10-fold, diluted lO-foW with 
5 PBS. and finally reconcentrated 10 fold. The antibody was stored in 1 ml aliquots at -20°. 

d. ING-4 

[0128] Sp2/0.plNG22162C2.1C7-plNG22321 B5.F5 (C489) cells were grown In culture medium HB101 (Hana Bidog- 
10 ics), supplemented with lOmM HEPES, 1x Glutamine-Pen-Strep (Irvine Scientific #9316). The spent medium was cen- 
trifuged at about 14,000 xg for 20 minutes and the supernatant was filtered through a .45u Millipore nitrocellulose 
membrane filter and stored frozen. The antibody level was measured by ELISA. Approximately 20L of cell culture stper- 
natant was concentrated 10-fold using a S10Y30 cartridge and DC-10 of antibody was loaded onto a 2 ml Protein A- 
Sepharose column (Pharmacia) preequilibrated with phosphate buffered saline, pH 7,4 (PBS). After washing with 40ml 
15 of PBS, the antibody was eluted with 20ml each of 0. 1 M citric add at pH 4.5. pH 3.5, and pH 2.3, collecting 1 ml fractions 
into 0. 1 ml of 2M Tris (hydroxymethyl) amino methane (SIGMA). The loading and elution of the Protein A-Sepharose col- 
umn was repeated until all the antibody was eluted. Fractions containing antibody were combined and concentrated 20- 
fold by ultrafiltration (YM30 membrane, stirred cell, Amicon Corp.), diluted 10-fold with PBS, reconcentrated 10-fold, 
diluted 1 0-fold with PBS, and finally reconcentrated 1 0 fold. The antibody was stored in 1 m aliquots at -20*. 

20 

e. KM10 

[0129] Sp2/0-22426G2-22401C4 cells (ATCC Accession #HB 10131) were grown in culture medium HB101 (Hana 
Biologies) + 1% Fetal Bovine Serum, supplemented with lOmM HEPES. 1x Glutamine-Pen-Strep (Irvine Scientific 

25 #93 1 6). The spent medium was centrifuged at about 1 4,000 x g for 20 minutes and the supernatant was filtered through 
a 0.45 ^m Millipore nitrocellulose membrane fitter and stored frozen. The antibody content was measured by ELISA. 
Approximately 15,5L of cell culture supernatant were concentrated lO-fokJ over ia S10Y30 cartridge using DC'^0 con- 
centrator (Amicon Corp.). Supernatant containing about 80 mg of antibody was loaded onto a 100 ml Protein A-column 
(MabLab, Oros) in 1,5 M NaCI, pH 8.4. The KM10 antibody was eluted with a pH gradient (pH 2-9) and was found to 

30 elute between pH 3.5 - 4.0. Fractions containing antibody (70% yield) were combined and concentrated 1 8-told by ultra- 
filtration (YM30 membrane, stirred cell, Amicon Corp.), diluted 20-fold with PBS, reconcentrated 5-fold, diluted 1.5-fold 
with PBS, and finally reconcentrated 1 0 fold. The antibody was stored in 1 .5 ml aliquots at -20*C. 

7. Analysis of Properties of Chimeric Antibodies 

35 

a. ING-1 

(1) Inhibition of Binding 

40 [0130] The mouse B38.1 and chimeric ING-1 antibodies were compared in a binding inhibition assay. Such inhibition 
assays are used to establish the identity of recognition of antigen. Mouse B38.1 mAb was labeled with ^^^1; purified 
unlabeled chimeric ING-1 and mouse B38.1 antibodies were examined for their ability to inhibit the binding of radiola- 
beled B38.1 antibody to target cells (HT29 colon tumor). The chimeric ING-1 and mouse B38.1 antibodies were identi- 
cal in inhibition of the binding of labeled B38.1 antibody to HT29 tumor cells (Table 3). 

45 [01 31 ] As part of these studies, an estimate was made of antibody avidity. The avidity of mouse B38. 1 had been pre- 
viously determined to be approximately 2.5 x 10® M'"". The above data indicate that there are no significant differences 
in avidity between tiie chimeric ING-1 and the mouse B38.1 antibodies. 

(2) Functional Assays 

so 

[0132] A comparison was made between the ability of the chimeric iNG-1 and tiie mouse B38.1 antibodies to lyse 
human tumor cells in the presence of human peripheral blood leukocytes as effector cells (mediating Antibody-Deperxi- 
ent Cellular Cytotoxicity, ADCC), or human serum as complement (mediating Complement-Dependent Cytolysis. 
CDC). Table 4 shows that tiie chimeric ING-1 antibody is extremely efficient at mediating ADCC lysis of the human 
55 breast carcinoma cell line BT-20, but the mouse B38.1 antibody is ineffective. Table 5 shows that the chimeric ING-1 
antibody mediates up to 16% lysis of human colon carcinoma HT-29 cells by CDC, but the nnouse B38.1 is ineffective. 
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b. ING-2 

(1) Inhibition of Binding 

5 . [0133] Tlie mouse Br-3 and chimeric ING-2 antibodies were compared in a binding inhibition assay. Such Inhibition 
assays are used to estatrfish the identity of recognition of antigen. Mouse Br-3 mAb was labeled with ^^^1; purified unla- 
beled chimeric ING-2 and mouse Br-3 antibodies were examined for their ability to inhibit the binding of radiolabeled Br- 
3 antibody to target cells (BT20 breast tumor). The chimeric ING-2 and mouse Br-3 antibodies were identical in inhibi- 
tion of the binding of labelled Br-3 antibody to BT20 tumor cells (Table 6). 

10 [0134] As part of these studies, an estimate was made of antibody avidity, the avidity of mouse Br-3 had been previ- 
i)us!y determined to be approximately 7 x 10® M"^ The above data indijcJate that there are no significant differences in 
avidity between the chimeric ING-2 and the mouse 6r-3 antibodies. 

(2) Functional Assays 

15 

[0135] A comparison was made between the ability of the chimeric lNG-2 and the mouse Br-3 antibodies to lyse 
human tumor cells in the presence of human peripheral blood leukocytes as effector cells (mediating Antibody-Depend- 
ent Cellular Cytotoxicity, ADCC), or human serum as complement (mediating Complement-Dependent Cytotysis, 
CDC). Table 7 shows that the chimeric ING-2 antibody is more active at mediating ADCC of the human breast card- 
20 noma cell line BT-20 than the mouse Br-3 antibody. Table 8 shows that the chimeric ING-2 and nrouse Br-3 antibodies 
are ineffective at mediating CDC of human breast carcinoma cell line MCF-7. 

c. ING-3 

I 

25 (1) Inhibition of Binding 

[0136] The mouse Co-1 and chimeric ING-3 antibodies were compared in a binding inhibition assay. Such inhibition 
assays are used to establish the identity of recognition of antigen. Mouse Co-1 mAb was labeled with ^^^1; purified unla- 
beled chimeric ING-3 and mouse Co-1 antibodies were examined for their ability to inhibit the binding Of radio labeled 
30 Co-1 antibody to target cells (HT29 colon tumor). The chimeric ING-3 and mouse Co-1 antibodies both inhibited the 
binding of labelled Co-1 antibody to HT29 tumor cells (Table 9). indicating that the ING-3 and Co-1 antibodies bind to 
the same target antigen. 

(2) Functional Assays 

35 

[0137] A comparison was made between the ability of the chimeric ING-3 and the mouse Co-1 arttibodies to lyse 
human tumor cells in the presence of human peripheral blood leukocytes as effector cells (mediating antibody-depend- 
ent cellular cytotoxicity, ADCC), or human serum as complement (mediating complement-dependent cytolysis, CDC). 
Table 10 shows that the chimeric ING-3 antibody is active at mediating ADCC of the human colon carcinoma cell line 
40 HT29, as is mouse Co-1 antibody whose H chain is of isotype lgG3. Table 1 1 shows that the chimeric ING-3 antibody 
mediates up to 7.6% lysis of human colon carcinoma HT-29 cells by CDC, as compared to 19.6% by mouse Co-1 anti- 
body at 10 ^g/ml. 

d. ING-4 

45 

(1) Inhibition of Binding 

[0138] The mouse ME4 and chimeric ING-4 antibodies were compared in a binding inhibition assay. Such inhibition 
assays are used to establish the identity of recognition of antigen. Chimeric ING-4 Fab from yeast was biotinylated; pun- 

so f ied chimeric ING-4 and mouse M E4 antibodies were examined for their ability to inhibit the binding of biotinylated yeast 
chimeric ING-4 Fab to target cells (HT29 colon tumor). The chimeric IND-4 and mouse ME4 antibodies were capable 
of inhibiting the binding of biotinylated yeast chimeric ING-4 Fab to HT29 tunnor cells (Table 12). 
[0139] The above data indicated that the chimeric ING-4 antibody witii a 50% inhibition concentration at 0.12 ug/ml, 
is far stronger in inhibition of the binding of biotinylated yeast chimeric ING-4 Fab than that of mouse ME4 antibody with 

55 50% inhibition concentration at 7.5 ug/ml. The reason may be tiiat mouse ME4 hybridoma is a poor producer, and the 
ME4 antibody preparation is highly contaminated with mouse IgG. 
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(2) Functional Assays 

[0140] A comparison was made between the ability of the chimeric ING-4 and the mouse ME4 antibodies to lyse 
human tumor cells In the presence of human peripheral blood leukocytes as effector cells (mediating Antibody-Depend- 

5 ent Cellular Cytotoxicity, ADCC), or human serum as complement (mediating Complement-Dependent Cytolysis, 
CDC). Table 13 and Table 14 show that tiie chimeric ING-4 antibody is functional at mediating ADCC lysis of the human 
colon carcinoma cell line HT-29. and is as good as mouse ME4 antibody. However, since the mouse ME4 hybridoma is 
a poor producer and the antitxxiy preparation is heavily contaminated with mouse IgG. chimeric ING-4 appears better 
than its counterpart, mouse ME4 antibody. (Table 14). Table 15 indicates that both ING-4 and mouse ME4 antibody are 

10 slightly positive in mediating lysis of human colon carcinon^ HT-29 cells by CDC with ING-4 slightly better than mouse 
ME4. 

e. KM10 

15 (1) Inhibition of Binding 

[0141 1 The mouse KM1 0 mAb and chimeric KM1 0 antibodies were compared in a binding inhibition assay. Such inhi- 
bition assays are used to establish the identity of recognition of antigen. Mouse KM 10 mAb was labeled with ^^^1; puri- 
fied unlabeled chimeric KM 10 and mouse KM 10 antibodies were examined for their ability to inhibit the binding of radio- 
20 labeled KM10 antibody to target cells {LS174T colon tumor). The chimeric KM10 and mouse KM10 antibodies were 
identical in inhibition of the binding of labeled KM10 antibody to LS174T tumor cells (Table 1 1). 

(2) Functional Assays 

25 [0142] A comparison was made between the ability of the chimeric KM 10 and the mouse KM 10 antibodies to lyse 
human tumor cells in the presence of human peripheral blood leukocytes as ADCC effector cells, or human serum as 
complement for CDC. Table 12 shows that the chimeric KM 10 antibody was capable of mediating ADCC while the 
mouse antibody was not. Neither mouse nor chimeric KM 10 were able to detectat)ly lyse target LSI 74T cells in CDC in 
the presence of human serum. 

30 



Tables 





Inhibition of Binding of B38.1 Antibody to Tumor Cells 


35 




% Inhibition by Competing Antibody:® 




Antibody Concentration 
^g/ml 


Chimeric ING-1 


Mouse 838. 1 


Human IgG*' 




0.033 


17 


22 


27 


40 


0.10 


46 


52 


-3 




0.30 


84 


75 


0 




0.89 


99 


93 


12 


45 


2.67 
8.0 


100 
100 


100 
100 


-10 
5 



^ ^^^l-labeled 838. 1 antibody was incutiated with HT-29 tumor cells in the pres^ 
ence of the competing antibody at 4°C. Cells were washed free of unbound anti- 
body, and cell-bound radioactivity was used to determine the % inhibttion of 
50 binding. 

^ Human IgG is used as a nonspecific antibody control. 



55 
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Table 4 



AntibcxJy- Dependent Cellular Cytotoxicity and Complement Dependent Cytotoxicity Mediated by 

Chimeric ING-1 Antibody^ ' 




% Cytolysis: 




-Serum 


+ Serum 


Antibody Concentration 
ug/ml 


Chimeric ING-1 


Mouse B38.1 


Chimeric ING-1 


Mouse B38.1 


.00001 


58 


37 


23 


20 


.0001 


56 


32 


33 


24 


.001 


78 


32 


61 


21 


.01 


87 


30 


85 


22 


0.1 


88 


28 


95 


21 


1.0 


96 


29 


97 


21 


10.0 


92 


25 


85 


20 



^ BT'20 tumor cells were labeled with ^^Cr, washed, and incubated with freshly isolated peripheral blood 
leukocytes at a ratio of 50 leukocytes per tumor cell tor 4 hours. The amount of ®^Cr released into the 
medium was used to calculate the % cytolysis as compared to cells tysed tsy the addition of 1% NP40. 
This assay was done with and without 1 7% human serum as a source of complement. The basal level of 
leukocyte killing was 1 7% for leukocytes afone, arxJ 21 % for leukocytes plus serum. 



Tables 



Complement Dependent Cytolysis Mediated by Chirneric 
ING-1 Antibody^ 




% Cytolysis Mediated by: 


Antibody Concentration 
^ig/ml 


Chimeric ING-2 


Mouse B38.1 


.003 


1.4 


0,1 


.016 


1.6 


0.4 


.08 


8.1 


0.5 


0.4 


16.6 


0.2 


2.0 


12.7 


0.4 


10.0 


11.9 


0.0 


50.0 


11.5 


0.6 



^ HT-29 tumor cells were labeled with Cr^^ , washed, and incu- 
bated with 17% human serum and antitxxfy at the indicated 
concentrations tor 4 hours at 37**C. The amount ot ®^Cr 
released into the medium was used to calculate the % cytolysis 
as compared to cells lysed by the addition of 1% NP-40. 
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Table 6 



Inhibition of Binding of Br-3 Antibody to Tumor Cells* 




% Inhibition by Competing Antibody: 


Antibody Concentration 
jig/ml 


Chimeric lNG-2 


Mouse Br-3 


Human IgOf^ 


0.07 


-19 


-8 


24 


0.20 


-1 


2 


11 


0.60 


27 


17 


-50 


1.8 


48 


52 


-11 


5.3 


81 


75 


-8 


16.0 


98 


96 


-29 



" '^l-labeled Br-3 antibody was incubated with BT-20 tumor cells in the pres- 
ence of the competing antibody at 4**C. Cells were washed free of unfciound anti- 
body, and cell-bound radioactivity was used to determine the % inhibition of 
binding. 

^ Human IgG is used as a nonspec^c antibody control. 



Table 7 



Antibody-Dependent Cellular Cytotoxicity Mediated by Chi- 
meric ING-2 Antibody® 




% Cytolysis Mediated by: 


Antibody Concentration 
jig/ml 


Chimeric ING-2 


Mouse Br-3 


0.003 


7 


11 


0.016 


8 


11 


0.08 


11 


12 


0.4 


19 


14 


2.0 


34 


15 


10.0 


38 


19 


50,0 


36 


19 



^ BT-20 tumor cells were labeled with ^^Cr, washed, and incu- 
bated with freshly isolated peripheral blood leukocytes at a 
ratio of 50 leukocytes per tumor cell for 4 hours at 37*'C. The 
amount of ^''Cr released into the medium was used to calcu- 
late the % cytolysis as compared to cells lysed by the addition 
of 1%NP40, 
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Table 8 



Complement Dependent Cytolysis Mediated by Chimeric 
ING-2 Antibcxly^ 




% Cytolysis Mediated by: 


'Antibody Concentration 
ng/ml 


Chimeric ING-2 


Mouse Br-3 


.016 


0.14 


0.09 


.08 


0.21 


0^73 


0.4 


-0.40 


0.37 


2.0 


0.77 


0.69 


10.0 


■0.25 


0.92 


50.0 


0.84 


0.46 



® MCF-7 tumor cells were lat)eled with ^^Cr, washed, and 
incubated with 17% human serum and antibody at the indi- 
cated concentrations for 4 hours at 37<t). The amount of ®^Cr 
released into the medium was used to calculate the % cytoly- 
sis as compared to cells lysed by the addition of 1 % NP-40. 



I 



Table 9 



Inhibition of Binding of Co-1 Antibody to HT-29 Tumor Cells 




% Inhibition by Conipeting Antibody:® 


Antibody Concentration 
jig/ml 


Chimeric ING-3 


Mouse Co-1 


Human \g(^ 


0.14 


11 


3 


-1 


0.41 


6 


-4 


5 


1.23 


7 


3 


-2 


3.70 


12 


33 


0 


11.1 


28 


55 


2 


33.3 


46 


85 


0 


100 


60 


93 


0 


300 


86 


94 


-5 



* - ^^^l-labeled Co-1 anitoody was incutoted with HT-29 tumor cells in the pres- 
ence of the competing antibody at 4°C. Cells were washed free of untx>und anti- 
body, and cell-bound radioactivity was used to determine the % inhbition of 
binding. 

^ • Human IgG is used as a nonspecific antibody control. 
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Table 10 



Antibody-Dependent Cellular Cytotoxicity Mediated by Chi- 
meric ING-3 Antibody^ 




% Cytolysis Mediated by: 


Antibody Concentration 


Chimeric ING-3 


Mouse Co-1 


10. 


67 


71 


2. 


58 


64 


0.4 


53 


57 


0.08 


43 


50 


0.016 


37 


45 


0.0032 


29 


40 


0.00064 


28 


34 


0. 


19 


19 



* - HT-29 tumor cells were labeled with ^''Cr. washed, and incu- 
bated with freshty isolated peripheral blood leukocytes at a 
ratio of 60 leukocytes per tumor ceB for 4 hours at 37**C. The 
amount of ^^Cr released into the medium was used to calcu- 
late the % cytolysis as compared to celts lysed by the addition 
of1%NP40. 



Table 11 



Complement Dependent Cytolysis Mediated by Chimeric 
ING-3 Antibody^ 




% Cytolysis Mediated by: 


Antibody Concentration 
^g/ml 


Chimeric ING-3 


Mouse Co-1 


10. 


7.6 


19.6 


2. 


2.5 


7.9 


0.4 


0.4 


1.7 


0.08 


0.8 


1.2 


0.016 


0.7 


0.8 


0.032 


0.3 


1.0 


0. 


0.8 


0.9 



* - HT-29 tumor cells were latjeled with Cr^^ washed, and incu- 
bated with 17% human serum and antaxxJy at the indicated 
concentrations lor 4 hours at 37^. The amount of ®^Cr 



released into the medium wis used to calculate the % cytoly- 
sis as compared to cells lysed by the addition of 1 % NP-40. 
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Table 12. Inhibition of Binding of HC4 Antibody to Tumor Ce11s> 



% Inhibition by 
Compgt 1 Afit 1 bodv t 



Antibody 
Concentration*' 
ao/m) 


Chimeric 


House 


Humai 
ISG' 


.033 


n 


7 


3 


0.10 


33 


2 


4 


0.31 


82 


4 


9 


0.93 


93 


• 15 


♦3 


2.77 


95 


22 


-7 


8.33 


98 


50 


.4 


25.00 


99 


84 


-2 



Biotinylated yeast chfiucric Fab 1$ Incubated with HT-29 tumor 
cells in the presence of the competing antibody at 4*C. Cells 
are washed and further incubated with avidin-peroxidase at roonj 
temperature • The cell -bound peroxidase 1$ visualized with OPO 
reagent and its OO490 is used to determine the % inhibition by 
the following equation: 

% Inhibition * 1 • OP With coiriDeting antibody ) X 100 
00 No ca-npetlng antibody 

The content of mouse ME4 antibody is estimated to be 10% of total 
IgG in the preparation. 

Human IgG is used as a nonspecific antibody control. 
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Table 13 



Antibody-Dependent Cellular Cytotoxicity Mediated by Chimeric ING- 
4 Antibody® 




% Cytolysis Mediated by: 


Antibody Concentration^ ng/m! 


Chimeric ING-4 


Mouse ME4 


0 


33 


29 


0.016 


34 


27 


0.08 


38 


29 


0.4 


41 


39 


2.0 


50 


41 


10.0 


44 


48 


50.0 


50 


57 



* HT-29 tumor cells were labeled with ^^Cr, washed, and incubated with 
freshly isolated F>er'pheral blood leukocytes at a ratio ot 50 leukocytes per 
tumor cell for 4 hours at 37°C. The amount of ®'Cr released into the 



medium was used to cateulate the % cytolysis as compared to cells tysed 
by the addition of 1 % NP40. 

^ Mouse ME4 concentration was oonected to its estimated level which ts 
10% of total IgG in the mouse ME4 antibody preparation. 



Table 14 



Antibody-Dependent Cellular Cytotoxicity Plus Complement 
Dependent Cytotoxicity Mediated by Chimeric ING-4 Antibody* 




% Cytolysis Mediated by: 


Antibody Concentration'' 


Chimeric ING-4 


Mouse ME4 


.00005 


32 


32 


.0005 


32 


30 


.005 


35 


29 


-05 


42 


32 


0.5 


42 


33 


5.0 


44 


37 


50.0 


51 


34 



® HT-29 tumor cells were labeled with ®^Cir, washed, and incubated 
with freshly isolated peripheral blood leukocytes at a ratio of 50 leu- 
kocytes per tumor cell for 4 hours at 37**C in the presence of 17% 
human serum. The amount of ^^Cr released into the medium was 
used to calculate the % cytolysis as compared to cells lysed by the 
addition of 1 % NP40. This assay was done with 1 7% human serum 
as a source of complement. The basal level of leukocyte killing was 
30% for leukocytes plus serum. 

The content of mouse ME4 antibody was estimated to be 10% of 
total IgG in the preparation. 
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Table 15 



Complement Dependent Cytotoxicity Mediated by Chimeric 
iNG-4 Antibody* 




% Cytolysis Mediated By: 


Antibody Concentration^ 
ng/ml 


Chimeric ING-4 


Mouse ME4 


0.005 




-1.1 


0,05 


1.2 


1.2 


0.5 


1.8 


1.5 


5.0 


3.2 


2.5 


50.0 


3.3 


2.8 



^ HT-29 tumor cells were labeled with Cr^^ , washed, and incu- 
bated with 17% human serum and antbody at the indicated 
concentrations for 4 hours at 37**C. The amount of ®'Cr 
released into the medium was used to calculate the % cytoly- 
sis as compared to cells tysed by the addition of 1 % NP-40. 
^ The content of mouse ME4 antbody was estimated to be 
10% of total IgG in the preparation. 



Table 16 



Inhibition of Binding of KM 10 AntilxxJy to tumor cells 




% Inhibition by Competing Antibody:* 


Antibody Concentration 
|ig/ml 


Chimeric KM10 


Mouse KM10 


Human IgG'' 


0.15 


2 


2 


-8 


0.45 


9 


14 


2 


1.35 


9 


32 


18 


4.04 


42 


46 


6 


12.1 


63 


59 


14 


36.4 


74 


80 


-7 


109 


75 


72 


-22 



* ^^l-labeled KMl 0 antibody was incubated with LS174T tumor cells in the pres- 
ence of the competing antibody at 4^C. Celts were washed free of untx)und anti- 
body, and cell-bound radioactivtty was used to determine the % inhibition of 
binding. 

^ Human IgG is used as a nonspecific antibody control. 
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Table 17 



5 


Antibody-Dependent Cellular Cytotoxicity Mediated by Chi- 
meric KM10 Antibody® 






% Cytolysis Mediated by: 




Antibody Concentration 
ng/nnl 


Chimeric KM 10 


Mouse KM10 


10 


50. 


80 


26 




5. 


61 


20 




.5 


39 


22 


IS 


.05 


27 


21 




.005 


23 


21 




.0005 


23 


21 




0 


24 


22 



* - LS174T tumor cells were labeled with ®^Cr, washed, arxJ 
incubated with freshty isolated peripheral blood leukocytes in 
the presence of 1 7% human serum at a ratio of 50 leiicocytes 
per tumor cell for 4 hours at 37**C. The amount of ^^Cr released 
Into the medium was i^ed to calculate the % cytolysis as com- 
25 pared to cells tysed by the addition of l % NP40. 



EXAMPLE 4 

30 Chimeric Mouse-Human Fab with Human TunrK>r Cell Specificity Produced In Yeast 

[0143] Yeast cells are capable of expressing and secreting foreign proteins, in this iexample, yeast serve as a host for 
the production of mouse-human chimeric Fab. This reagent may prove useful for the diagnosis of human cancer via jn 
vivo imaging of appropriately labeled product, or therapy of cancer by its administration as a drug, radionuclide or toxin 
35 immunoconjugate. 

1 . Yeast Strains and Growth Conditions . 

[0144] Saccharomvces cerevisiae strain PS6 (ura3 Ieu 2 MATa) was developed at INGENE and used as a host for 
40 yeast transformations performed as described by Ito et al.. J. Bacieriol. 153 : 1 63- 1 68 (1 983). Yeast transformants were 
selected on SD agar (2% glucose, 0.67% yeast nitrogen base, 2% agar) and grown in SD broth buffered with 50mM 
sodium succinate, pH5.5. 

2, In Vitro Mutacenesis . 

45 

a. ING-1 

[01 45] Site directed in vitro mutagenesis was performed as described by Kramer et al.. supra, to place restriction sites 
at the mammalian signal sequence processing sites. An Aeal restriction site was introduced into the B38.1 K L chain 
50 cDNA sequence (Figure 7) at the junction of the leader peptide and mature coding region with the oligonucleotide 
primer 5'-GTCATCCAATTTGGGCCCTGGATCCAGG-3\ Likewise, as SstI restriction site was introduced into the B38.1 
H chain cDNA sequence (Figure 8) at the junction of the leader peptide and mature coding region with the oligonucle- 
otide primer 5'CTGGATCTGAGCTCGGGCACTTTG-3'. 

55 b. ING2 

[0146] Site-directed in vitro mutagenesis was performed as described by Kramer etal.. supra, to place restriction sites 
at the mammalian signal sequence processing sites and at the 3' end of the human C^ C region. An Aeal restriction 
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site was introduced into the Br-3 X chain cDNA sequence at the junction of the leader peptide and mature coding region 
with the oligonucleotide primer CAGCCTGGGCCCTGGCCCCTGAG-3' to generate the plasmid plNG1479 (Rgure 
16A), Following construction of a chimeric ING-2 X chain gene containing the Apal restriction site (Figure 16D), the DNA 
sequence of 40 bp of the 3' untranslated region and approximately 150 bp of the coding sequence for the human 

5 . region was determined. Based on this information, the Cx region was confirmed to be of the X-l (Meg) allotype. An Xho l 
site was next placed 4 bp downstream of the stop codon of the human CX C region with the oligonucleotide primer 5' 
GTGGGGTTAGACTCGAGAACCTATGAAC 3' to generate the chimeric ING-2 X chain plasmid, plNG1602 (Rgure 
16G). An ^11 resti'iction site was introduced into the Br-3 H chain cDNA sequence at the junction of the leader peptide 
and mature coding region with the oligonucleotide primer 5' AAGCTTCACTTGACGTCGGACACCTTTTA-3* to generate 

10 the plasmid, pINGI 480 (Figure 1 7A). The codon for the N-terminal amino acid of the H chain was changed by this con- 
struction from the naturally occurring GAA (glutamate) to CAA (glutamipe). 

c. ING-3 

75 [0147] Site directed in vitro mutagenesis was performed as described by Kramer et al.. supra, to introduce an Aat ll 
restriction site into the Co-1 k L chain cDNA sequence (Rgure 21 ) at the junction of the leader peptide and mature cod- 
ing region witii the oligonucleotide primer 5'-CATCAAAACTTGACGTCTGGAAACAGGA -3'. 

d. ING-4 

20 

[0148] Site directed iq vitro mutagenesis was performed as described by Kramer etal.. supra, to place restriction sites 
at the mammalian signal sequence processing sites. A Esll restriction site was introduced Into the ME4 K L chain cDNA 
sequence (Figure 29) at the junction of tiie leader peptide and mature coding region with tiie oligonucleotide primer 5*- 
CATCTGGATATCTGCAGTGGTACCTTGAA-3'. Likewise, an S§tl restriction site was introduced into the ME4. H chain 
25 cDNA sequence (Figure 30) at tine junction of tiie leader peptide and mature coding region witii tiie oligonucleotide 
primer 5'-CAACTGGACCTGAGCTCGAACACCTGCAG-3'. 

e. KM10 

30 [0149] Site directed In vitro mutagenesis was performed as described by Kramer et al.. supra, to introduce a Bsm I 
restriction site into the KM10 k L chain cDNA sequence (Rgure 36) at the junction of the leader peptide and mature 
coding region with the oligonucleotide primer 5'-GAGCACAATTTCTGCATTCGACACTGTGAC-3\ An ^1 site was sim- 
ilarly introduced at the junction of the leader peptide and mature coding region of the KM10 H chain witii the oligonu- 
cleotide primer 5'-CAACTGGATCTGAGCTCGGGCACTTTG-3' (Rgure 37). 

35 

3. Construction of Yeast Expression Plasmids Containino Antibody Genes , 
a. lNG-1 

40 [0150] The gene sequences encoding the mature form of the L chain V region of B38.1 and containing a HInd lll site 
in the J region (as described in Example 3) and a ^bs} site introduced at the signal sequence processing site was fused 
to the human region by cloning a Sall- Hind ll fragment containing V into a vector containing the gene sequence 
encoding human Ck (plNG1460), generating tiie ING-1 chimeric L chain plasmid plNG1483. 
[0151] The mature chimeric lNG-1 L chain gene from plNG1483 was next fused to the gene sequence encoding the 

45 yeast invertase signal sequence, Taussig, R. and M. Carlson. Nucl. Acids Res. 11:1943-1954 (1983) under control of 
the yeast PGK promoter, Hitzeman, R.a: et al.. Nucl. Acids Res. 1^^:7791-7807 (1982) as follows: The plasmid 
plNG1 483 was digested witii ^pal. treated with T-4 DNA polymerase and then digested with XbQl and a restriction frag- 
ment containing V + C^ was purified. This fragment was ligated to a similariy prepared restriction fragment from the 
plasmid, plNG1149 which contains the PGK promoter (P) fused to the invertase signal sequence (S) to generate 

50 plNGl491 (Figure 1 1). As tiie result of tiiis fusion, gene sequence encoding the mature form of the ING-1 chimeric L 
chain was fused in-frame to the gene sequence encoding tiie yeast invertase signal sequence (S). The codon for the 
N-terminal amino acid of the L chain was changed by this construction from the naturally-occurring GAT (aspartate) to 
CAA (glutamine). The PGK promoter - invertase signal sequence - chimeric L chain (V.CJ fusion was cloned Into a 
complete 2 micron circle (2u), Ieu2 yeast expression vector containing tiie PGK polyadenylation signal (T) to generate 

55 p!NG1496 (Rgure 11). 

[0152] The gene sequences encoding tiie mature form of the H chain V region of B38.1 and containing a BgiEll site 
In the J region (see Example 3) and on SstI site irrtroduced at the signal sequence processing site was fused to the 
gene sequence encoding the human CHi region (which had been previously generated by introducing a stop codon in 
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hinge, see Robinson, R.R., et al.. PCT/US86/02269) as follows. A Sstl-BstEII restriction fragment containing Vh vyas 
ligated with a BsJEII restriction fragment containing the human J region and a portion of human CHi and a Ssll-EstEil 
restriction fragment containing the remaining 3' portion of human CHi to generate the INQ-1 chimeric Fd chain plasmid 
PING1606. 

5 [0153] ' The chimeric ING-1 Fd chain gene In plNG1606 was next fused to the yeast invertase signal sequence under 
control of the PGK promoter using the approach taken for the L chain to generate plNG1613 (Figure 12). This fusion 
was then doned as a Bam HI-Xhol fragment into a partial 2 micron circle (Orly, REPS), yrgS yeast expression vector 
containing the PGK polyadenylation signal (T) to generate plNGl616 (Figure 12). 

10 b. ING-2 

[0154] The Sall- Bam HI chimeric L chain fragment from p!NG1602 was cloned into pBR322NA (see Rgure 3) to gen- 
erate plNGl609. The mature chimeric ING-2 L chain gene from plNG1609 was next fused to the gene sequence 
encoding the yeast invertase signal sequence (Taussig et al.. supra) under control of the yeast PGK promoter (Hitze- 

15 man, R.A., et al.. supra) as follows: the plasmid plNG1609 was digested with Agal, treated with T-4 DNA polymerase 
and then digested with Xho l and a restriction fragment containing V + Cx was purified. This fragment was ligated to a 
similarly prepared restriction fragment from the plasmid. plNG1 149 which contains the PGK promoter (P) fused to the 
invertase signal sequence (S) to generate plNG1678 (Figure ISA). As the resuH of this fusion, the gene sequence 
encoding the mature form of the lNG-2 chimeric L chain was fused sequence (S). The PGK promoler-invertase signal 

20 sequence-chimeric L chain (V,C;J fusion was cloned into a complete 2-micron circle (2u), Ieu 2 yeast expression vector 
containing the PGK polyadenylation signal (T) to generate plNG1692 (Figure 18C). 

[0155] The gene sequence encoding the 5' end of the mature form of the H chain V region of Br-3 and containing an 
Aat ll site introduced at the signal sequence processing site was fused to the gene sequence encoding the 3' end of the 
Br-3 H chain V region containing a PsJI site in the J region and the human CH^ region (which had been previously gen- 

25 erated by introducing a stop codon in hinge, Robinson. R.R., et al.. PCT US86/02269) as shown in Rgure 17 to gener- 
. ate the ING-2 chimeric Fd chain plasmid plNG1485 (Rgure 1 7D). The chimeric ING-2 Fd chain gene in plNG1485 was 
next fused to the yeast invertase signal sequence (s) under control of the PGK (p) promoter using the approach taken 
for the L chain to generate plNGl494 (Figure 19A). this fusion was then cloned as a Efllll-223Ql fragment into a partial 
2-micron circle (Oriy, REP3), ura3 yeast expression vector containing the PGK polyadenylation signal (T) to generate 

30 pINGieiO (Rgure 19C). 

c. ING-3 

[0156] The gene sequences encoding the mature form of the L chain V region of Co-1 and containing a hilodlH site 
35 in the J region (as described in Example 3) and an ^11 site introduced at the signal sequence processing site was 
fused to the human region by cloning a Sall-Hindll fragment containing V into a vector containing the gene 
sequences encoding human (plNG1460), generating the lNG-3 chimeric L chain plasmid plNG1682. 
[0157] The mature chimeric ING-3 L chain gene from plNG1682 was next fused to the gene sequence encoding the 
yeast invertase signal sequence (Taussig, R. and Carlson, M„ supra) under control of the yeast PGK promoter (Hitze- 
40 man. R.A., etal.. supra) as follows: The plasmid plNG1682 was digested with Aatll, treated with T-4 DNA polymerase 
and then digested with Xho l and a restriction fragment containing V + was purified. This fragment was ligated to a 
similarly prepared restriction fragment from the plasmid. pING1 149 which contains the PGK promoter (P) fused to the 
Invertase signal sequence (S) to generate plNG1686 (Figure 25A). As the result of this fusion, the gene sequence 
encoding the mature form of the ING-3 chimeric L chain was fused in frame to the gene sequence encoding the yeast 
45 invertase signal sequence (S). The codon for the N-terminal amino add of the L chain was changed by this construction 
from the naturally-occurring GAA (glutamate) to CAA (glutamine). The PGK promoter • invertase signal sequence - chi- 
meric L chain (V.CJ fusion was cloned into a complete 2 micron circle (2u). Ieu2 yeast expression vector containing the 
PGK polyadenylation signal (T) to generate plNG1694 (Rgure 25C). 

[0158] The gene sequence encoding the mature form of the H chain V region of Co-1 and containing a gslEII site In 
50 the J region (see Example 3) was fused to the gene sequence encoding the human CHI region (which had been pre- 
viously generated by introducing a stop codon in the hinge (Robinson, R.R., etaL. supra) as shown in Figure 26 to gen- 
erate the ING-3 chimeric Fd chain plasmid pINGI 632. A EisJI restriction site was introduced into the Co-1 H chain cDNA 
sequence at the junction of the leader peptide and mature coding region by ligating the double stranded oligonucleotide 

55 5' TCGACCTGCAGAGGTCCAGHGCA 3' 

3' GGAC6TCTCCAGGTCAA 5' 
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into plNG1632 to generate plNG1647 (Figure 26E). 

[0159] The chimeric ING-3 Fd chain gene in plNG1647 was next fused to the yeast invertase signal sequence under 
control of the PGK promoter using the approach taken for the L chain to generate plNG1656 (Rgure 27 A). This fusion 
was then cloned as a Bam HI-Xhol fragment into a partial 2 micron circle (Oriy, REPS), utaS yeast expression vector 
5 . containing the PGK polyadenylation signal (T) to generate plNG1 663 (Figure 27C). 

d. ING-4 

[0160] Tlie gene sequences encoding the nnature form of the L chain V region of ME4 aruj containing a Hind III site in 

10 the J region (as described in Example 3) and a EstI site introduced at the signal sequence processing site (plNG1489» 
figure 33B) was fused to the human C|^ region (plNGl460. Figure 33A) and the gene sequence encoding the yeast 
invertase signal sequence (S)^^aussig, R. and M. Carlson, supra) under control of the yeast PGK promoter (P) (Hitze- 
man, R. A. et al.. supra) (pINGi 149, Figure 33C) to generate plNG1497 (Figure 33D). The plasmid plNG1497 was next 
digested with EstI, treated with T-4 DNA polymerase and allowed to self-dose, generating plNG1600 (Rgure 33E). As 

IS the result of this step, the gene sequence encoding the mature fbnn of the ING-4 chimeric L chain was placed in frame 
with the gene sequence encoding the yeast invertase signal sequence. The PGK promoter (P) - irrvertase signal 
sequence (S) - chimeric L chain (V.QJ fusion in pINGlSOO was next cloned as a Bam HI- Xho fragment into pING1 152 
(Figure 34B) which is a partial 2 micron circle (oriY.REPS) ura 3 yeast expression vector containing the PGK polyade- 
nylation signal (T) to generate pINGI 641 (Figure 34E). 

20 [01 61] The gene sequences encoding the mature form of the H chain V region of ME4 and containing a BstEII site in 
the J region (see Example 3) and ari SstI site introduced at the signal sequence processing site was fused to the gene 
sequence encoding the human CH<t region (which had been previously generated by introducing a stop codon in hinge 
(Robinson, R. R, etal.. supra ) as follows. A Sall-BstEII restriction fragment containing Vh with the Ssll site at the signal 
sequence processing site was ligated with a BstEII restriction fragment containing the human J region and a portion of 

25 human CH^ and a Sall-BstEII restriction fragment containing the remaining 3'portion of human CHi to generate the 
ING-4 chimeric Fd chain plasmid plNG1611. The chimeric ING-4 Fd chain gene in plNG1611 was next fused in frame 
to the yeast invertase signal sequence under control of the PGK promoter as follows: The plasmid plNG1611 was 
digested with SslL treated with T4 DNA polymerase and then digested with Xho l and a restriction fragment containing 
V+CHi was purified. This fragment was ligated to a similarly prepared restriction fragment from the plasriiid, pING1 149 

30 (Rgure 33C), which contains the yeast PGK promoter fused to the invertase signal sequence to generate plNG1614 
(Rgure 34D). The PGK promoter (P)-invertase signal sequence, (S)-chimeric Fd chain (ViCH^) in plNG161 4 was then 
cloned as a Bam HI-Xhol fragment into a partial 2 micron circle (Oriy, REP3), ura3 yeast expression vector containing 
the PGK polyadenylation signal (T) to generate pINGi 620 (Rgure 34F). 

[0162] In order to construct a yeast expression plasmid that would optimally produce Fab. the chimeric L and Fd chain 
35 genes each fused to the yeast invertase signal sequence and PGK promoter arKi polyadenylation signal were placed 
on the same plasmid to generate plNG1667 (Rgure 34H), 

e. KM10 

40 [0163] The gene sequences encoding the mature form of the L chain V region of KM 10 and containing a Hind lll site 
in the J region (as described in Example 3) and a Bsm I site introduced at the signal sequence processing site was fused 
to the human region by cloning a Sall -Hind ll fragment containing V into a vector containing the gene sequences 
encoding human (ptNG1460), generating the KM10 chimeric L chain plasmid pMID (see Rgure 41). 
[0164] The mature chimeric KM10 L chain gene from pMI D was next fused to the gene sequence encoding the yeast 

45 invertase signal sequence (Taussig, R, and M, Carlson, supra) under control of tiie yeast PGK promoter (Hitzennan, 
R.A., et al.. supra) as follows: The plasmid pMI D was digested witii Bsm l. treated with T4 DNA polymerase and then 
digested with Xho l and a restriction fragment containing V + was purified. This fragment was ligated to a similarly 
prepared restriction fragment from the plasmid, pINGi 149 which contains the PGK promoter (P) fused to the invertase 
signal sequence (S) to generate pR9D (Figure 40A). As the result of this fusion, tiie gene sequence encoding the 

50 mature form of the KM 1 0 chimeric L chain was fused in frame to the gene sequence encoding the yeast invertase signal 
sequence (S). The PGK promoter-invertase signal sequence-chimeric L chain (V,CJ fusion was cloned into a partial 2 
micron circle (2ji), ura 3 yeast expression vector containing the PGK polyadenylation signal (Tm) to generate pXI D (Rg- 
ure 40C). 

[0165] The gene sequence encoding the mature form of the H chain V region of KM10 and containing a BstEII site in 
55 the J region (as described in Example 3) and a §stl site introduced at the signal sequence processing site was fused 
to the human Ch1 region (which had been previously generated by introducing a stop codon in hinge, (Robinson, R.R., 
et al.. supra) in plNG1453 to generate the KM10 Fd chain plasmid pF3D (see Figure 41). 

[01 66] The mature chimeric KM1 0 Fd gene from pF3D was next fused to the yeast invertase signal under the control 
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of the yeast PGK promoter in a similar manner to that described for light chain generating pP12D (Figure 40B). The 
PGK promoter-invertase signal sequence-chimeric Fd chain (V,Ch1) fusion was cloned into a partial 2 micron circle (2^) 
expression vector containing the PGK polyadenylation signal (Tm) to generate pW6D (Figure 40D). 
[0167] A single yeast expression vector containing both the chimeric light chain and Fd chain genes and their respec* 
five expression signals was constructed from pXID and pWSD. This final vector, plNG3200, Figure 5E. contains a por- 
tion of 2 micron circle (oriY. REPS) and the two selectable markers Ieu2d and ura3 . 

4. Yeast Secretion of Chimeric Fab 

a. ING-1 

[0168] The plasmids p!NG1496 and plNG1616 were co-transformed into S. cerevisiae PS6 and the transfornrHrrts 
were grown in broth under selective conditions as described above. The culture super r^tants were assayed by ELISA 
and contained Fab levels of 30 ng/ml. The yeast strain that secreted detectable Fab protein was grown in 10 liters of SD 
broth for 60 hours and Fab protein was purified from the culture supernatant 

b. lNG-2 

[0169] The plasmids plNG1692 and plNG1610 were co-transformed into §. cerevisiae PS6 and the transformants 
were grown in broth under selective conditions as described above. The culture supernatants were assayed by ELISA 
and contained average Fab levels of approximately 200 ng/ml. The yeast strain that secreted detectable Fab protein 
was grown in 10 liters of SD broth for 60 hours and Fab protein was purified from the culture supernatant. 

c. ING-3 

[0170] The plasmids plNG1694 and plNG1663 were co-transformed into S. cerevisiae PS6 and the transformarTts 
were grown in broth under selective conditions as described above. The culture supernatants were assayed by ELISA 
and contained Fab levels of approximately 200 ng/ml. The yeast strain that secreted 200 ng/ml Fab protein was grown 
in 10 liters of SD broth for 60 hours and Fab protein was purified from the culture supernatant. 

d. ING-4 

[0171 ] The plasmid pi NGl 667 was transformed into §. cerevisiae PS6 by selection for ura*leu* colonies on SD agar. 
The transformants were grown in SD broth lacking both uracil and leucine. The culture supernatant of one isolate (no. 
714) was found by ELISA to contain Fab levels of 4 ng/ml. The yeast strain that secreted 4 jig/ml Fab protein was grown 
in 10 liters of SD broth for 60 hours and Fab protein was purified from the culture supernatant. 

e. KM10 

[0172] The plasmid plNG3200 was transformed into S. cerevisiae PS6 and the transformants were grown in Ijroth 
under selective conditions as described above. The culture supernatants were assayed by ELISA and contained Fab 
levels of approximately 100 ng/ml. The yeast strain that secreted 100 ng/ml Fab protein was grown in SOL of SD Iwoth 
for 60 hr and Fab protein was purified from the culture supernatant. 

5. Isolation of Chimeric Fab From Yeast and Production of Mouse Fab from Monoclonal Antibodies 
a. ING-1 

[0173] Fab protein was partially purified from 1 0 liters of culture supernatant by concentrating over an DC 1 0 concen- 
trator (Amicon) using a S10Y30 cartridge, washing with 20 liters of distilled water and reconcentrating to 1.5 liters. The 
pH of the supernatant was adjusted to 5.5. and it was loaded onto an SP disc which was previously equilibratd with 
lOmM MES, pH 5.5. The disc was eluted with 6 step gradients of 30, 60, 100, 150, 200, and 300mM NaCI in iOmM 
MES, pH 5.5. Analysis of SP disc eluton pools by ELISA which detected human Fab and by Western blot of reduced 
and non-reduced SDS PAGE, followed by goat anti-human k detection, revealed that the lNG-1 Fab was present in the 
150mM to SOOmM NaCI pools. The purity of pooled Fab was estimated at about 10% of the total protein by SDS PAGE. 
Western tmmunoblot analysis of pooled SP disc fractions containing anti-human k cross-reactive protein revealed the 
presence of a 46 kd protein which co-migrated with human Fab standard on a non-reducing SDS gel. This protein 
migrated as a single band at approximately 24 kd on a SDS reducing gel. These results were consistent with the pre- 
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dieted molecular weights, based on nucleotide sequence, for fully processed B38.1 chimeric L chain and Fd chain. 

b. lNG-2 

5 . [01 74] Fab was purified from 1 0 liters culture supernatant. The culture supernatant was first concentrated by a DC1 0 
unit over S10Y30 cartridge (Amicon), washing with 20 liters of distilled water, reconcentrating, and then washing with 
10 mM sodium phosphate buffer at pH 8.0, and concentrating it again. The concentrate was then loaded on a DE52 
(Whatman) column pre-equilibrated with lOmM sodium phosphate buffer at pH 8.0. Sufficient 0.2M monosodium phos- 
phate was added to the flow through of DE52, adjusted pH to 7.2, and the sample was concentrated over a YMip mem- 

10 brane (Stirred Cell 2000, Amicon). The sample was then diluted with sufficient water arxJ reconcentrated to 260ml to 
feive a conductivity of 1 .4mS/cm. The total amount of protein was estimated by a colorimetric assay, and the sample was 
loaded onto a CM52 (Whatman) column at a ratio of 1 0mg total protein per g CM52 (pre-equilibrated with lOmM sodium 
phosphate buffer, pH 7.2). ThefcM52 column was eluted with sequential steps of 20 column volumes each of 2, 5, 10, 
15, 20, 50, 100, 200, and SOOmM NaCI in lOmM sodium phosphate buffer, pH 7.2. The fractions containing Fab as 

15 assessed by enzyme immunoassay were combined and concentrated over a YM1 0 membrane to an Fab concentration 
of about 1 mg/ml, and stored frozen. The pooled fraction was further analyzed by SDS-PAGE and Western. They both 
revealed a single 46kd band consistent with the predicted molecular weight, based on nucleotide sequence. 

c. ING-3 

20 

[0175] Fab was purified from 10 liters culture supernatant The culture supernatant was first concentrated by a DC10 
unit over S10Y30 cartridge (Amicon), washing with 20 liters of distilled water, reconcentrating, and then washing with 
10 mfVI sodium phosphate buffer at pH 8.0, and concentrating it again. The concentrate was then loaded on a DE52 
(Whatman) column pre-equilibrated with lOmM sodium phosphate buffer at pH 8.0. Sufficient 0.2M monosodium phos- 

25 phate was added to the flow-through of the DE52 column to adjust pH to 7.2, and the sampfe was concentrated over a 
YM10 membrane (Stirred Cell 2000, Amicon). The sanrple was then diluted with sufficient water and reconcentrated to 
200mi to give a conductivity of l.4mS/cm. The total amount of protein vras estimated by a colorimetric assay, and the 
sample was loaded onto a CM52 (Whatman) column at a ratio of lOmg total protein per g CM52 (pre-equilibrated with 
lOmM sodium phosphate buffer, pH 7.2). The CM52 column was eluted with sequential steps of 20 column volumes 

30 each of 2, 5, 10, 15. 20, 50, 100. 200, and 500mM NaCI in 10mM sodium jDhosphate buffer, pH 75. The fractions con- 
taining Fab as assessed by enzyme immunoassay were combined and concentrated over a Yfi^lO membrane to an Fab 
concentration of atxjut 1 mg/ml, and stored frozen. The pooled fractions were further analyzed by SDS-PAGE and 
Western. They both revealed a single 46kd band consistent with the predicted molecular weight, based on nucleotide 
sequence. 

35 

d. ING-4 

[0176] Fab was purified from 1 0 liters culture supernatant The culture supernatant was first concentrated by a DC1 0 
unit over S10y30 cartridge (Amicon), washing with 20 liters of distilled water, reconcentrating. and then washing with 10 

40 mM sodium phosphate txiffer at pH 8.0. and concentrating it again. The concentrate is then loaded on a DE52 (What- 
man) column pre-equilibrated with lOmM sodium phosphate buffer at pH 8.0. Sufficient 0.2M monosodium phosphate 
is adde4d to the flow through of DE52, adjusted pH to 7.2, and the sample was concentrated over a YM10 membrane 
(Stin-ed Cell 2000. Amicon). The sample was then diluted with sufficient water and reconcentrated to 200ml to give a 
conductivity of 1.4nfWcm. The total amount of protein was estimated by a colorimetric assay, and the sanrple was 

45 loaded onto a CM52 (Whatman) column at a ratio of 1 0mg total protein per g CM52 (pre-equilibrated with lOmM sodium 
phosphate buffer. The Cf^52 column was eluted with sequential steps of 20 column volmes each of 2, 5. 10, 15, 20, 50, 
100, 200. and SOOmM NaCI in 10mM sodium phosphate buffer, pH 6.8. The fractions containing Fab as assessed by 
enzyme immunoassay were combined and concentrated over a YM10 membrane to an Fab concentration of about 1 
mg/ml, and stored frozen. The pooled fraction was further analyzed by SDS-PAGE and Western, they both reveal a sin- 

50 gle 46kd band and consistent with an predicated molecular weight, based on nucleotide sequence. 

e. KM10 

[0177] Fab was purified from 43L of culture supernatant. The culture supernatant was first concentrated by a DC10 
55 unit over S10Y10 cartridge (Amicon). washing with 20L of distilled water, reconcentrating. and tiien washing with 10 
mM sodium phosphate buffer at pH 8.0, and concentrating it again. The concenti^ate was then loaded onto a DE52 
(Whatman) column pre-equilibrated with 10mM sodium phosphate buffer at pH 8.0. Sufficient 0.2M monosodium phos- 
phate was added to the flow through of DE52 to adjust pH to 7.3, and the sanrple was concentrated over a YM10 mem- 
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brane (Stirred Cell 2000, Amicon). The sample was then diluted with sufficient water and reconcehtrated to 200 ml to 
give a conductivity of 1 .6mS/cm. The total amount of protein was estimated by a colorimetric assay, and the sample was 
loaded onto a CM52 (Whatman) column at a ratio of 10mg total protein per g CM52 (pre-equilibrated with 10mM sodium 
phosphate buffer, pH 7.3), The CM 52 column was eluted with sequential steps of 20 column volumes each of 2, 5. 10. 
5 15, 20, 50, 100, 200, and 500mM NaCI in lOmM sodium phosphate buffer. pH 7.3. The fractions containing Fab as 
assessed by ELISA were combined and concentrated over a YM10 membrane to an Fab concentration of about 1 
mg/ml. and stored frozen. The pooled fraction was further analyzed by SDS-PAGE and Western blotting. They both 
revealed a single 46 kD band consistent with the predicted molecular weight, based on nucleotide sequence. 

10 6. Binding Characteristics of Fab Protein Secreted bv Yeast . 

a. ING-1 

[0178] The purification from yeast culture supernatants of protein of the expected size of Fab suggests that yeast 
15 secrete correctly folded, functional molecules. This hypothesis was confirmed by performing direct and competition 
binding assays with a human carcinoma cell line. In the direct binding assay. Fab from yeast bound to the same target 
cancer cells as did mouse B38. 1 antibody, but not to a control cell line which lacks the antigen. In the competition assay 
using mouse B38.1 antibody, the yeast-derived B38.1 chimeric ING-1 Fab inhibited binding of mouse B38.1 antibody to 
human tumor cells. Fifty percent inhibition of mouse B38.1 antibody by the yeast-derived Fab was approximately 2^g/ml 
20 (Table 18). 

b. ING-2 

[0179] The purification from yeast culture supernatants of protein of the expected size of Fab suggests that yeast 
25 secrete correctly folded, functional molecules. This hypothesis was confirmed by performing direct and conpetition 
binding assays with a human carcinoma cell line. In the direct binding assay. Fab from yeast bound to the same target 
cancer ceils as did mouse Br-3 antibody, but not to a control cell line which lacks the antigen. In the competition assay 
using mouse Br-3 antibody, the yeast-derrved Br-3 chimeric Fab inhibited binding off mouse Br-3 antibody to human 
tumor cells. Fifty percent inhibition of mouse Br-3 antibody by the yeast-derived Fab was approximately 5ug/ml.{Table 

30 19). 

c. ING-3 

[0180] The purification from yeast culture supernatants of protein of the expected size of Fab suggests that yeast 
35 secrete correctly folded, functional molecules. This hypothesis was confirmed by performing direct and corrpetition 
binding assays with a human carcinoma cell line. In the direct binding assay. Fab from yeast bound to the same target 
cancer cells as did mouse Co-1 antibody, but not to a control cell line which lacks the antigen. In the competition assay 
using mouse Co-1 antibody, the yeast-derived chimeric ING-3 Fab inhibited binding of mouse Co-1 antibody to human 
tumor cells (Table 20). indicating that the ING-3 Fab binds to the same antigen as the mouse Co-1 antibody. 

40 

d. ING-4 

[0181] The purification from yeast culture supernatants of protein of the expected size of Fab suggests that yeast 
secrete correctly folded, functional molecules. This hypothesis was confirmed by performing direct and competition 
45 binding assays with a human carcinoma cell line. In the direct binding assay. Fab from yeast bound to the same target 
cancer cells as did mouse ME4 antibody, but not to a control cell line which lacks the antigen. In the competition assay 
using biotinylated chimeric ING-4 Fab from yeast, both tine yeast-derived chimeric ING-4 Fab and mouse ME4 antibody 
inhibited binding of biotinylated chimeric Fab to human HT-29 tumor cells. Fifty percent inhibition of the yeast-derived 
lNG-4 Fab was approximately 0.3 jig/ml (Tat)le 21). 

50 

e. KM10 

[0182] The purification from yeast culture supernatants of protein of the expected size of Fab suggests that yeast 
secrete correctly folded, functional molecules. This was confirmed by performing direct and competition binding assays 
55 with tiie human carcinoma cell line LSI 74T. In the direct binding assay. Fab from yeast bound to the same target cancer 
cells as did mouse KM10 antibody but not to a cell line which lacks the antigen. In the competition assay using ""^^I- 
labeled mouse KM10 antibody, tiie yeast-derived chimeric KM10 Fab inhibited binding of radio-labeled nnouse KM10 
antibody to human tumor cells {LS174T). Yeast-derived Fab caused a 50% inhibition of binding of mouse KM10 anti- 
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body at approximately 3.7 ^g/ml (Table 22), similar to the inhibitory potency of KM10 mouse antibody. Yeast derived 
KM 10 Fab inhibited binding ot both intact mouse KM 10 antibody and Fab fragments (prepared by papain digestion of 
mouse KM10 Fab prepared by papain digestion of mouse whole antibody. 



Table 18 



Inhibition of Binding of B38.1 Antibody to Tumor Cells" 




% Inhibition by Competing Antibody 


Antibody Concentration 
^g/mr 


Mouse B38.1 


Chimeric ING-1 Fab 


Human Fab*^ 


80 «N 




97 


4.7 


40 




93 


4.4 


20 




88 


5.3 


10 


95 


t 

79 . 


7.6 


5 


89 


66 




.2.5 


81 


49 




1.25 


63 


36 




0.625 


30 


18 




0.156 


21 


6.3 





* ^^l-labeled B38.1 antibody was incut>ated with MCF-7 tumor cells in the presence of 
the competing antibody at 4**C. Cells were washed free of untx)und antbody, and cetl- 
t>ound radioactivity was used to determine the % inhibition of binding. 
^ Chimeric Ij6 Fab was used as a nonspeciic antibody control. 



Table 19 



Inhibition of Binding of Br-3 Antibody to Tumor Cells 


a 




% Inhibition by Competing Ig 


Antibody Concentration 
jig/ml 


Mouse Br-3 


Chimeric ING-2 Fab 


Human IgG 


48 




92 




16 


94 


72 


7 


5.33 


81 


47 


23 


1.78 


73 


27 


10 


0.59 


29 


09 


13 


0.20 


19 


15 


6 


0.07 


9 




17 



* '^{-labeled Br-3 antibody was incubated with BT20 tumor cells in the presence of 
the competing Ig at 4°C. Cells were washed free of unbound antibody, and cell- 
bound radioactivity was used to determine the % inhibition of binding. 
^ Human IgG is used as a nonspecific antibody control. 
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Table 20 



Inhibition of Binding of Co-1 Antibody to Tumor Cells 




% Inhibition by Connpeting Antibody® 


Antibody Concentration 


Mouse Co-1 


Chimeric ING-3 Fab 


Human Fab*^ 


900 




78 


32 


300 


94 


56 


-5 


100 


93 


29 


0 


33,3 


85 


19 


0 


11,1 


55 


7 


2 


3,7 


33 


0 


0 


1.23 


3 


3 


-2 


.41 


0 


0 


5 


.14 


3 


0 


-1 



^ - '^-labeled Co-1 antibody was incubated with HT-29 tumor cells in the presence of 
the competing antibody at 4**C. Cells were washed free of unbound antibody, and cell- 
bound radioactivity was used to determine the % Inhibition of binding. 
^ ' Human IgG was used as a nonspecific antibody control, 
c • ND, not determined. 
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Table 21. Inhlbttlon of Binding of IN6-4 Fab to Tumor C«1U 



% Inhibition by 
Cpmpctinq Antibody ; 



Antibody 
Concentration* 

.pa/»5) 


Chimeric 


House 


Kumin 


.033 


6 


7 


3 


0.10 


21 




4 


0.31 


SI 


<9 


9 


0.93 


76 


15 


-3 


2.77 


88 


22 


-7 


8.33 

1 


94 


$0 


• 

'4 


25.0 


99 


84 


-2 



BiotinylaUd yeast chimeric Fab U incubated with HT-29 tumor 
cells in the presence of the. competing antibody at 4*C, Ciells 
are washed and further incubated with avidin-peroxidase at room 
temperature. The cell-bound peroxidas^c is visualized with OPO 
reagent and its 0D^9q is used to determine the % inhibition by 
the following equation: 

% inhibition • (1 - OP With competing antibody ) X 100 
OD No competing antibody 

Human JgG is used as a nonspecific antibody control. 

The content of mouse HE4 antibody is estimated to be IDX of total 
IgC in the preparation. 
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Table 22 



Inhibition of Binding of KM10 Antibody to Tumor Cells 




% Inhibition by Competing Antibody^ 


Antibody Concentration 


Mouse KM 10 


Chimeric KM 10 Fab 


Mouse KMIOFabby 
papain 


HumanIgG 


100 


94 


94 


89 


38 


33.3 


82 


90 


91 


39 


11.1 


82 


76 


87 


30 


3.70 


56 


53 


69 


43 


1.235 


51 


29 


56 


42 


0.412 


40 


7 


39 


34 


0.137 


41 


3 







" - '^l-labeted KM1 0 antibody was incubated with I_A1 74T tumor cells in the presence of the competing anltoody at 
4°C. Cells were washed free of unbound anltoody, and cell-lx)und radioadivily was used to determine the % inhibi- 
tion of binding. 

^ - Human-IgG was used as a nonspecific anttoody cootrol. 



25 EXAMPLE 5 

Chimeric Mouse-Human Fab with Human Tumor Cell Specificity Produced in Escherichia coll 

[0183] Bacteria are suited for production of chimeric antibodies expressed from mammalian cDNA since entire coding 

30 sequences can be expressed from well characterized promoters. Escherichia coli is one of many useful bacterial spe- 
cies for production of foreign proteins (Holland etal.. BioTechnoloov 4:427 (1 986)) since a wealth of genetic information 
is available for optimization of its gene expression. cgli can be used for production of foreign proteins internally or for 
secretion of proteins out oi the cytoplasm, where they most often accumulate in the periplasmic space (Gray et. al.. 
Gene 22:247 (1 985); Oka et al.. Proc. Natl. Acad. Sci. USA ^:7212 (1 985)). Secretion from the CQ!i cytoplasm has 

35 been observed for many proteins and requires a signal sequence. Proteins produced internally In bacteria are often not 
folded properly (Schoner et al.. BioTechnolooy 3:151 (1985)). Proteins seaeted from bacteria, however, are often 
folded properly and assume native secondary and tertiary structures (Hsiung et al.. BioTechnoloov 4:991 (1986). 
[0184] An Fab molecule consists of two nonidentical protein chains linked by a single disulfide bridge. These two 
chains are the intact antibody L chain and the V, J. and ChI portions of the antibody H chain Fd. The proper cDNA 

40 clones for the ING-2 chimeric L and Fd genes have already been identified. In this exanple, these cDNA clones were 
organized into a single bacterial operon (a dicistronic message) as gene fusions to the pectate lyase (pelB) gene leader 
sequence from Erwinia caratovora (Lei et al.. J. Baderiol. 169 :4379 (1 987)) and expressed from a strong regulated pro- 
moter. The result is a system for the simultaneous expression of two protein chains in E. sjH, and the secretion of immu- 
nologically active, properly assembled Fab of chimeric antitxxlies. 

45 [0185] The following sections detail the secretion of chimeric ING-2 Fab from E coli . 

1 . Assembly ot the pe'B leader sequence gs??gtte. 

[0186] Envinia caratovora (EC) codes for several pectate lyases (polygalacturonic add trans-eliminase) (Lei et al.. 

50 Gene ^:63 (1985)). Three pectate lyase genes have been cloned, and the DNA sequence of these genes has been 
determined. When cloned Into E coli under the control of a strong promoter, the pelB gene is expressed and large 
quantities of pectate lyase accumulate in the periplasmic space and culture supernatant The pelB signal sequence 
functions effidently in E ^ and was used as a secretion signal for antibody genes in this example. (Other signal 
sequences would also be useful for this application.) The nucleotide sequence surrounding the signal sequence of the 

55 pelB gene is published (Lei et al.. J. Bacterlol. 169 :4379-4383 (1987)). 

[0187] The pelB signal sequence contains a Hae lll restriction site at amino acid 22, adjacent to the signal peptidase 
cleavage site: ala-ala. Piasmid pSSl004 (Lei et al.. (1987). supra) containing the pelB gene in pUC8 (Vierra and Mess- 
ing, SenfilS:259 (1982)) was digested with HafiHI and EsQR^ . This DNA was ligated with an eight base pair SstI linker 
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to SsQ\ and EcoRI cut pBR322. The resulting plasmid contained a 300 bp fragment whicli included the 22 amino acid 
leader sequence of pelB and about 230 bp of upstream E. caratovora DNA, This plasmid, plNG173, contains an insert 
that upon digestion with Ssll and treatment with T4 DNA polymerase can be ligated directly to a DNA fragment flanked 
by the first amino acid of a mature coding sequence for any gene to generate a protein fusion containing a functional 
5 . bacterial leader sequence in frame with the incoming gene. The SstI to EcfiRI restriction fragment in plNG173 was 
cloned into pUCi 8 (Yanich- Perron etal.. Gene 3?: 103 (1985)) to generate pRRI 75. which contains the B£!B leader and 
adjacent upstream non-coding sequence (including a ribosome binding site) downstream of the las promoter. Plasmid 
pINGI 500, derived from pRRI 75, contains only the region from the -48 of the pelB gene to an iSyoi site downstream of 
the pelB leader, and includes the SstI site at the junction. 

10 

12. Preparation of Uoht Chain for Bacterial Exprf^ssinn, 

a. lNG-1 

15 [0188] The intact ING-1 chimeric L chain gene containing an Agal restriction site at the signal sequence processing 
site and a unique ^ChQl site downstream of the gene in plNG1483 serve?! as the starting point for bacterial expression. 
The plasmid pINGI 483 was cut with Agal, treated with T4 polymerase, and digested with Xhol. The approximately 800 
bp fragment containing the L chain gene was purified and ligated to pINGlSOO that was cut with §stl, treated with T4 
polymerase, and cut with XhQl (Figure 13A,B). The resulting plasmid that contained a pelB::B38.1 L chain fusion was 

20 sequenced to determine that the proper in-frame fusion was formed. This plasmid was called plNG3102. 

b. ING-2 

[0189] The intact ING-2 chimeric L chain gene containing ah Agal restriction site at the signal sequence processing 
25 site and a Bam HI site downstream of the gene in plNGl481 served as the starting point for bacterial expression. The 
plasmid plNGl481 was cut with Aggl, treated with T4 polymerase, and digested with Bam HI. The approximately 800 
bp fragment containing the L chain gene was purHied and ligated to pINGISOO that was cut with SslL treated with T4 
polymerase, and cut with Bam HI (Figure 20A, B). This plasmid was called p3P9. 

30 c. ING-3 

[0190] The intact Co-1 chimeric L chain gene containing an ^11 restriction site at the signal sequence processing 
site and a unique Xhol site downstream of the gene in plNGl682 served as the starting point for bacterial expression. 
The plasmid pINGi 682 was cut with AaiH, treated with T4 polymerase, and digested with 2(hQl. The approximately 800 
35 bp fragment containing the L chain gene was purified and ligated to plNG1500 that was cut with Ssll, treated with T4 
polymerase, and cut with Xhgl (Figure 28A. B). The resulting plasmid that contained a pelB ::Co-1 L chain fusion was 
sequenced to detemriine that the proper in-frame fusion was formed. This plasmid was called pBAK026. 

d. ING-4 

40 

[0191] The intact ME4 chimeric L chain gene containing an Pgll restriction site at the signal sequence processing site 
and a unique Xhol site downstream of the gene in plNGl497 served is the starting point for bacterial expression. The 
plasmid plNG1497 was cut with Pstl. treated with T4 polymerase, and digested with XhQl, The approximately 800 bp 
fragment containing the L chain gene was purified and ligated to pINGISOO that was cut with SstK treated with T4 
45 polymerase, and cut with Xbol (Figure 35A.B). The resulting plasmid that contained a Be!B::ME4 L chain fusion was 
sequenced to determine that the proper in-frame fusion was formed. This plasmid was called 3Q2. 

e. KMIO 

50 [0192] The intact KM 10 chimeric L chain gene containing a Bsml restriction site at the signal sequence processing 
site and a unique Xhol site downstream of the gene in pMI D served as the starting point for bacterial expression. The 
plasmid pMI D was cut with Bsml. treated with T4 polymerase, and digested with Xbfil. The approximately 800 bp frag-, 
ment containing the L chain gene was purified and ligated to plNG1500 that was cut with S§tl. treated with T4 polymer- 
ase, and cut with )<h2l (Figure 41A, B). The resulting plasmid that contained a BeIB::KM10 L chain fusion was 

55 sequenced to determine that the proper in-frame fusion was formed. This plasmid was called pS2D. 
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3 Preparation of Fd Chain for Bacterial Expression . 

a. ING-1 

5 [0193] The intact ING-1 chimeric Fd gene containing an SstI restriction site at the signal sequence processing site 
and a Xho l restriction site downstream of the gene in plNG1606 served as the starting point for bacterial expression. 
The plasmid plNG1606 was cut with SstL treated with T4 polymerase, and digested with Xho l. The approximately 800 
bp fragment containing the L chain gene was purified and ligated to pINGlSOO that was cut with SsJI, treated with T4 
polymerase, and cut with Xhol (Figure 13B, C). The resulting plasmid that contained a pelB ::B38.1 Fd fusion was 

10 sequenced to determine that the proper in-frame fusion was formed. This plasmid was called pINGSIOI , 

b. ING-2 

[0194] The Intact ING-2 chimeric Fd gene containing an AaJII restriction site it the signal sequence processing site 
15 and a Xho l restriction site downstream of the gene in plNG14d5 served as the starting point for bacterial expression. 
The plasmid plNG1485 was cut with ^11, treated with T4 polymerase, and digested with Xho l. The approximately 800 
bp fragment containing the H chain gene was purified and ligated to pINGlSOO that was cut with SsJI. treated with T4 
polymerase, and cut with Xhol (Figure 208, C). The resulting plasmid that contained a BglB::Br-3 Fd fusion was 
sequenced to determine that ttie proper in-frame fusion was formed. This plasmid was called p3M2. 

20 

c. lNG-3 

[0195] The intact ING-3 chimeric Fd gene containing a EstI restriction site at the signal sequence processing site and 
a Xh(2l restriction site downstream of the gene in plNGl647 served as the starting point for bacterial expression. The 
25 plasmid plNGI647 was cut with P§ll, treated with T4 polymerase, and digested with 223QI. The approximately 800 bp 
fragment containing the Fd gene was purified and ligated to pINGI 500 that was cut with 2stl. treated with T4 polymer- 
ase, and cut with Xtml (Rgure 288, C). The resulting plasmid was called p8AK030. 

d. ING-4 

30 

[0196] The intact ING-4 chimeric Fd gene containing an ^1 restriction site at the signal sequence processing site 
and a Xho l restriction site downstream of the gene in plNG161 1 served as the stalling point for bacterial expression. 
The plasmid plNG161 1 was cut with §stl, treated with T4 polymerase, and digested with Xho l. The approximately 800 
bp fragment containing the L chain gene was purified and ligated to pINGISOO that was cut with Sstl. treated with T4 
35 polymerase, and cut with 2aiQl (Figure 35B.C). The resulting plasmid that contained a efilE"ME4 Fd fusion was 
sequenced to determine that the proper in-frame fusion was formed. This plasmid was called p3U8. 

e. KM10 

40 [0197] The intact KM1 0 chimeric Fd gene containing a SslI restriction site at the signal sequence processing site and 
a Xhfiil restriction site downstream of the gene in pF3D served as the starting point for bacterial expression. The plasmid 
pF3D was cut with S§!1 . treated with T4 polymerase, and digested with Xho l. The approximately 800 bp fragment con- 
taining the Fd gene was purified and ligated to plNG1500 that was cut with SstL treated with T4 polymerase, and cut 
with Xho l (Figure 41B,C). The resulting plasmid that contained a QglB::KM10 Fd fusion was sequenced to determine 

45 that the proper in-frame fusion was formed. This plasmid was called pQl 6D. 

4. Mult icigtr onic ex p rggsiori system for light chain and Fd gene- 

[0198] For production of bacterial ly derived Fab, both L chain and Fd need to be produced simultaneously within the 
50 cell. Using the plasmids constructed with each of these genes separately, a series of expression plasmids were con- 
structed that contain both genes aligned so that transcription from a single promoter will specify both genes This was 
done in a way that minimized the noncoding DNA between the two genes. Each gene has a ribosome binding site 
needed for translation initiation and the identical DNA sequence from -48 to the pelB leader i^ntlxxjy gene junction. 

55 a. ING-1 

[0199] Plasmid plNG3102 was cut with SBhI. treated with T4 polymerase, cut with EcoRI. and the vector fragment 
was purified (Figure 13D). Similariy, plNG3101 was cut with JflifiL treated with T4 polymerase, cut with gsiRI and the 
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fragment containing the Fd gene was purified (Figure 13E). These two purified DNA fragments were ligated to produce 
plNG3103, which contained the two ING-1 chimeric gene fusions linked In close proximity. The two gene cistron was 
placed under the control of the araB promoter in plT206TXR. First, pINGSlOS was cut with EcqRI arxJ iffliQl and the 
fragment containing the two genes was purified (Figure 13G). Next plT206TXR was cut with Eco RI and XhQl and ligated 

5 . to the purified gene fragment in a three piece ligation along with- the annealed oligonucleotides (5TCGA- 
GAGCCCX3CCTAATGAGCGGGCI I II II I 1-3* and 5' TCGAAAAAAAAAAGCCCGCTCATTAGGCGGGCTC-3) con- 
taining the trpA transcriptional terminator (Rgure 1 3F). In the ptasmid constructed. plNG3104, an extra 30 bp fragment 
of pBR322 DNA is located between the acaB promoter and the Fd initiation codon. This fragment was removed to make 
the final 2 gene expression plasmid, plNG3107 (Figure 13H). This last vector contains all of the necessary features for 

10 expression of ING-1 chimeric Fab in E. coli . 

t 

b. ING-2 

[0200] Plasmid p3P9 was cut with SchI, treated with T4 polymerase, cut with EcoRI. and the vector fragment was 
75 purified (Figure 20D). Similarly p3M2 was cut with Xhol. treated with T4 polymerase, cut with E^RI and the fragment 
containing the Fd gene was purified (Figure 20E). These two purified DNA fragments were ligated to produce pSTI, 
which contained the two ING-2 chimeric gene fusions linked in close proxirfiity. The two gene cistron was placed under 
the control of the araB promoter In plT206T. 

[0201 ] Plasmid p3T1 was cut with Sail and Sghl, and the two gene module was cloned Into pUC1 8 with Sail and Sph l. 

20 generating pUC3T1 -6 (Rgure 20F). Plasmid pUC3T1-6 was cut with Sghl, treated with T4i)olymerase, cut with Eco RI 
(Rgure 20G), and the two gene module was cloned Into plT206T cut with PstI, treated with T4 polymerase, and cut with 
EcqRI (Figure 20H). Plasmid pBR3-1 failed to produce X chains, and upon Inspection was found to have a 1 bp deletion 
at the junction of pfilB and the Br-3 X chain. Site-directed mutagenesis was used to insert one bp with the primer S*- 
CAACAGCCTGCGCCATCGCTG-3* using an appropriate M13 subclone from pBR3-1 . Reassembly of the product from 

25 oligonucleotide mutagenesis back into pBR3-1 resulted In pBR3-2 (Figure 201). Insertion of the fipA transcriptional ter- 
minator as annealed oligonucleotides (5TCGAGAGCCCGCCTAATGAGCGGGC I 1 1 1 1 1 11-3' AND 5* 
TCGAAAAAAAAAAGCCCGCTCATTAGGCGGGCTC-3) into a Sail restriction site downstream of chimeric Br-3 A. 
resulted In the final expression vector pBR3-3 (Figure 20J). 

30 c. ING-3 

[0202] Plasmid pBAK026 was cut with SBtH, treated with T4 polymerase; cut with Ee^Rl, and the vector fragment was 
purified (Figure 28D). Similarly. pBAK030 was cut with XhQl, treated with T4 polymerase, cut vwth EcoRI and the frag- 
ment containing the Fd gene was purified (Figure 28E). These two purified DNA fragments were ligated to produce 

35 pBAK059, which contained the two ING-3 chimeric gene fusions linked in close proximity. The two gene cistron was 
placed under the control of the araBAD promoter In plNG3104. Plasmid pBAK059 was cut with Soh l. treated with T4 
polymerase, cut with XhQl, and the fragment containing the Fd and k genes was purified (Rgure 28G). This DNA frag- 
ment was ligated to the vector fragment from plNG3104 that had been cut with EsqRI, treated with T4 polymerase, and 
cut with Xho l (Figure 28F), generating pC01 -B1 . 

40 [0203] The pCOl -B1 expression plasmid was found to have an incorrect nucleotide sequence at the joint between 
the Ee!B leader peptide and the Vh peptide sequence. A single nucleotide base pair was missing at the joint, causing 
an incorrect translational reading frame for the Fd protein. To correct this, a DNA fragment containing this region was 
exdsed and ligated to an M13 phage vector for slte<lirected mutagenesis by the method of Kramer etal.. supra (Rgure 
28H). The Incorrect nucleotide sequence was 5'-CAGCGATGGCGAGGTCCAGTTG-3'. The oligonucleotWe used for 

45 mutagenesis was 5'-CAGCGATGGCGGAGGTCCAGTTG-3'. After the site-directed mutagenesis, the con-ected DNA 
fragment was re-inserted into the pC01-B1 plasmid to make a new expression plasmid. plNG3307, which Is Identical 
to pC01-B1 except for the inserted nucleotide (Rgure 281). Plasmid plNG3307 contains all the necessary features for 
expression of ING-3 Fab in E. coll. 

so d. ING-4 

[0204] Plasmid p3Q2 was cut with Sehl, treated with T4 polymerase, cut with EcqRI, and the vector fragment was 
purified (Figure 35D). Similariy. p3U8 was cut with Xhsl, treated with T4 polymerase, cut with E^RI and the fragment 
containing the Fd gene was purified (Figure 35E). These two purified DNA fragments were ligated to produce pME4-B. 
55 which contained the two ING-4 chimeric gene fusions linked in dose proximity. The Seh' to Sail fragment containing the 
Fd and K genes from pME4B was subcloned (Rgure 35F) Into pUC19 cut with Sehl and Sail, generating pME4-B1. 
Plasmid pME4-B1 was cut with Sghl. treated vAiJn T4 polymerase, cut with EsqRI , and the fragment containing the two 
genes was purified (Figure 35G). Next. plT206T was cut with Esti . treated with T4 polymerase, cut vwth £cqR1 (Rgure 
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35H), and ligated to the purified K and Fd gene fragment, generating plNG4-B2. The final ING-4 Fab expression vector. 
pME4-B3, was constructed by cutting pME4-B2 with Sal' and iigating it with the annealed oligonucleotides (5TCGA- 
GAGCCCGCCTAATGAGCGGGCI I II 1 1 i 1-3' and 5TCGAAAAAAAAAGCCCGCTCATTAGGCGGGCTC-3') contain- 
ing the trpA transcriptional terminator (Figure 351). This last vector contains all of the necessary features for expression 
5 of ING-4 chimeric Fab in E. coli . 

e.KMIO 

[0205] Plasmid pS2D was cut with Sghl, treated with T4 polymerase, cut with Ecp RI. and the vector fragment was 
10 purified (Figure 41 D). Similarly, pQ1 6D was cut with XbQi. treated with T4 polymerase, cut with EcqRI and the fragment 
containing the Fd gene was purified (Figure 41 E). These two purified DNA fragments were ligated to produce pB7E, 
which contained the two KIAIO chimeric gene fusions linked in close proximity. The two gene cistron was placed under 
the control of the araB promoter in plNG3104. Plasmid pB7E was cut with treated with T4 polymerase, cut with 
Xhfil, and the fragment containing the Fd and k genes was purified (Rgure 41 G). This DNA fragment was ligated to the 
15 vector fragment from plNG3104 that had been cut with EfioRI, treated with T4 polymerase, and cut with Xho i (Rgure 
41 F). generating plNG3202. This vector contains all the necessary features for expression of KM10 chimeric Fab In £^ 
coli . 

5. Production of Chimeric Fab in Bacteria 

20 

a. ING-1 

[0206] Expression of ING-1 chimeric Fab from plNG31 07 in £^ coli is under the Inducible control of the acaB promoter. 
Upon arabinose induction, Fab secreted into the growth medium increases more than 10 fold. Uninduced bacterial col- 
25 onies harboring plNG31 07 are phenotypically indistinguishable from E, ^ hartx)ring plT206TXR, The strain hartx)ring 
plNG3107 is cultured in 10L of minimal medium, supplemented with 0.7% glycerol as the carfc)on source, and induced 
with 0.2% arabinose for greater than 12 hours. 

[0207] Several liters of culture supernatant are concentrated using a 31 0Y1 0 cartridge (DC1 0 concentrator, Amicon). 
The concentrate is passed through a column pre-equilibrated with sodium phosphate buffer. Sufficient monosodium 

30 phosphate is added to adjust pH. and the sample is concentrated over a YM10 membrane (Stirred Cell 2000, Amicon). 
The sample is then diluted with sufficient water and reconcentrated. The total amount of protein is estimated by a color- 
imetric assay, and the sample is loaded onto a carboxymethylcellulose (CM-52) column at a ratio of lOmg total protein 
per 1g CM cellulose preequilibrated with a sodium phosphate buffer. The CM-52 column is eluted with sequential steps 
of increasing NaCI concentration in a phosphate buffer. The fractions containing Fab as assessed by enzyme immu- 

35 noassay are combined and concentrated over a YM1 0 membrane to an Fab concentration of about 1 mg/ml. and stored 
frozen. 

[0208] The ING-1 Fab purified from E. gg^ has identical molecular weight properties as ING-1 Fab purrfied from yeast 
(Example 4), as assessed by SDS gel electrophoresis. The bacterially-produced ING-1 Fab is correctly assembled as 
K plus Fd chain dimer because of its positive reaction in the enzyme immunoassays detecting molecules with both k 
40 and Fd determinants, and because it competes the binding of labeled B38.1 mouse ant*body to human tumor cells. 

b. ING-2 

[0209] Expression of ING-2 chimeric Fab from pBR3-3 in E. soli is under the inducible control of the ara B promoter. 
45 Upon arabinose induction, Fab secreted into the growth medium increases more than 10 fold. Uninduced bacterial col- 
onies hartxjring pBR3-3 are phenotypically indistinguishable from coli harboring plT206T. The strain harboring 
pBR3-3 is cultured in 10L of minimal medium, supplemented with 0.7% glycerol as the cart)on source, and induced with 
0.2% arabinose for greater than 1 2 hours. 

[0210] About 7 liters of culture supernatant are concentrated to 2 liters using a S10Y10 cartridge (DC10 concentrator. 

so Amicon). The concentrate is passed through a 50Qg DEAE cellulose type DE52 (Whatman) column pre-equiiibrated 
with 10mM sodium phosphate at pH 8.0. Sufficient 0.2M monosodium phosphate is added to adjust pH, and the sample 
is concentrated over a YM10 membrane (Stirred Cell 2000, Amicon). The samples is then diluted with suffiderrt water 
and reconcentrated to 200ml to give a conductivity of 1 .1 mS. The total anrount of protein is estimated by a colorimetric 
assay, and the sample is loaded onto a carboxymethylcellulose (CH52, Whatman) column at a ratio of lOmg total pro- 

55 tein per 1g CM cellulose preequilibrated with a lOmM sodium phosphate buffer. The CM-cellulose column is eluted with 
sequential steps of increasing NaCI concentration in a phosphate buffer. The fractions containing Fab as assessed by 
enzyme immunoassay are combined and concentrated over a YM10 membrarie to an Fab concentration of about 
1 mg/ml, and stored frozen. 
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[021 1 ] The ING-2 Fab purified from E. coH has identical molecular weight properties as ING-2 Fab purified from yeast 
(Example 4), as assessed by SDS gel electrophoresis^ The bacteriallyiDroduced ING-2 Fab is correctly folded as a A, 
plus Fd chain dimer because of its positive reaction in the enzyme immunoassays detecting molecules with both X and 
Fd determinants, and because it competes the binding of labeled Br-3 mouse antibody to human tumor cells. 

5 ■ 

C. iNG-3 

[021 21 Expression of ING-3 chimeric Fab from pING3307 in E. co!i is under the Inducible control of the araBAD pro- 
moter. Upon arabinose induction, Fab secreted into the growth medium increased more than 10 fold. Uninduced bac- 
10 terial colonies hartx)ring plNG3307 were phenotypically indistinguishable from E. coli harboring plNG3104. The strain 
AariDoring plNG3307 was cultured in 10L of minimal medium, supplemented with .0.7% glycerol as the carbon source, 
and induced with 0.2% arabinose for greater than 12 hours. 

[021 3] Seven liters of culture supernatant were concentrated using a SI 0Y1 0 cartridge (DC1 0 concentrator, Amicon). 
The concentrate was passed through a DE52 (Whatman) column pre-equilibrated with lOmM sodium phosphate buffer 

IS at pH 8.0. The column flow-through was then concentrated over a YM10 membrane (Stirred Cell 2000, Amicon) and 
sufficient monosodium phosphate added to the flow through of the DE52 column to adjust the pH to 7.4. The sample 
had a conductivity of 1 .45 mS/cm. The total amount of protein was estimated by a colorimetric assay, and the sample 
was loaded onto a CM-52 column preequilibrated with 10mM sodium phosphate buffer at pH 7.4. Ihe CM-52 Cellulose 
column was eluted with sequential steps of increasing NaCI concentration in the same phosphate buffer. The fractions 

20 containing Fab as assessed by enzyme immunoassay were combined, and the buffer was exchanged by concentration 
over a YM10 memebrane and dilution with 10 mM sodium phosphate, pH 6.5. The Fab was bound to a Bakertxind car- 
boxyethy! resin (J.T. Baker) column pre-equilibrated with 1 0 mM sodium phosphate, pH 6.5. The Fab was etuted with a 
linear NaCI gradient, and fractions containing Fab were pooled, the buffer was exchanged to 10 mM sodium phosphate, 
pH 7.2, and concentrated over a YM 10 membrane to a Fab concentration of about 5 mg/mi, and stored frozen. The ING- 

25 3 Fab purified from E. coli had identical molecular weight properties as ING-3 Fab purified from yeast (Example 4), as 
assessed by SDS gel electrophoresis. The bacteriatly-produced ING-3 Fab was correctly folded as a k plus Fd chain 
dimer because: (1) it reacted positively in the enzyme immunoassays which detect nx)lecules with both k and Fd deter- 
minants, and (2) it bound specif ically to human tumor cells, as shown in conrtpetition assays using Co-1 mouse antibody 
(see Table 23). 

30 

d. ING-4 

[0214] Expression of ING-4 chimeric Fab from pME4-B3 in E £Q!i is under the inducible control of the araBAD pro- 
moter. Upon arabinose induction. Fab secreted into the grov4h medium increases more than 10 fold. Uninduced bacte- 
35 rial colonies harboring pME4-B3 are phenotypically indistinguishable from Ex CS2li hartwring plT206TXR. The strain 
hartx)ring pME4-B3 is cultured in 10L of minimal medium, supplemented with 0.7% glycerol as the caitx>n source, and 
induced with 0.2% arabinose for greater than 12 hours. 

[0215] About 7 liters of culture supernatant is concentrated to 2 liters of using a S10Y10 cartridge (DCIO concentrator, 
Amicon). The concentrate is passed through a 500g DEAE cellulose type DE52, Whatman) column pre-equilibrated 

40 with 1 0mM sodium phosphate at pH 8.0. Sufficient 0.2M monosodium phosphate is added to adjust pH to 6.8, and the 
sample is concentrated over a YM10 membrane (Stirred Cell 2000, Amicon). The samples is then diluted with sufficient 
water and reconcentrated to 200ml to give a conductivity of 1 .4mS/cm, The total amount of protein is estimated by a 
colorimetric assay, and the sample is loaded onto a cart^oxymethylcellulose type (CM52, Whatman) column at a ratio 
of lOmg total protein per 1g CM52 (preequilibrated vynth lOmM sodium phosphate buffer at pH 6.8). The CM52 column 

45 is eluted with a linear gradient of increasing NaCI concentration (0-0.1 N) in the same phosphate buffer. The fractions 
containing Fab as assessed by enzyme inrtmunoassay are further analyzed by SDS-PAGE and the pooled. The com- 
bined Fab fractions are concentrated over a YM10 membrane to an Fab concentration of about 1 mg/mt. and stored fro- 
zen. 

[0216] The ING-4 Fab purified from E qoH has identical molecular weight properties as ING-4 Fab purified from yeast 
50 (Example 4), as assessed by SDS gel electrophoresis. The bacterially-produced ING-4 Fab is con-ectJy assembled as 
a K plus Fd chain dimer because of its positive reaction in tiie enzyme immunoassays detecting molecules with both k 
and Fd determinants, and because it competes the binding of labeled mouse antibody to human tumor cells. 

e. KMIO 

55 

[021 7] Expression of KM 1 0 chimeric Fab from pi NG3202 in E. coli is under the inducible control of the ara B promoter. 
Upon arabinose induction, Fab secreted into the growth medium increased more than 10 fold. Unirxiuced bacterial col- 
onies harboring plNG3202 were phenotypically indistinguishable from E. coli harboring plNG3104. The strain hartx)ring 
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plNG3202 was cultured in 10L o1 minimal medium, supplemented with 0.7% glycerol as the cartxjn source, and induced 
with 0.2% arabinose for over 12 hr. Fab was detected in the fermentation broth by ELISA. The Fab can be purified from 
this fermentation broth and has properties identical to those of the chimeric Fab described above. KM10 Fab produced 
in bacteria binds to LSI 74T cells. 



Table 23 



Inhibition of Binding ING-3 Fab to Tumor Cells 




Binding Activity (A490) in the Presence of Competing Co-1 of Antibody: * 


ING-3 Fab Concentration 
fig/ml 


No Co-1 Competitor 


Ten-fold Co-1 Excess 


Thirty-fold Co-1 Excess 


30 


1.30 


0.36 


0.51 


10 


1.36 


0,34 


0.39 


3.3 


1.11 


0.39 


0.36 


1.1 


0.74 


0.35 


0.33 


0.37 


0.41 


0.34 


0.34 


0.12 


0.22 


0.27 


0.30 


0.04 


0.21 


0.28 


0.30 


0.0 


0.21 


0.22 


0.31 



* - LS174T cells were incubated with the indicated concentration of ING-3 Fab and with either (1) no conpet- 
ing Co-1 antibody, (2) a ten-loW mass excess of mouse Co-1 antibody, or (3) a thrty-fold mass excess of 
mouse CO1 antibody Cell-bound Fab was detected colorimetrically following Incubation with peroxidase- 
conjugated goat anti-human x chain antibody, followed by incubation with o-phenylene diamine sut>strate in 
the presence of hydrogen peroxide. Results ore reported as absortsance values a! 490 nm (A490). 



CONCLUSIONS 

[0218] The examples presented above demonstrate a number of important qualities of the chimeric anti-tumor anti- 
bodies and the genetically engineered Fab proteins of the invention. First, both the chimeric antibodies and their Fab 
derivatives bind to human tumor cell lines to a similar extent as tiie the mouse mAbs, with approximately the same avid- 

[0219] The chimeric antibodies are significant because they bind to the surface of human tumor cells but do not bind 
detectaWy to normal cells such as fibroblasts, endothelial cells, or epithelial cells in the major organs. Thus the five chi- 
meric mAbs described above define antigens useful for distinguishing human tumor cells from normal cells. 
[0220] In addition to the ability of the chimeric antibodies of the present invention to bind specifically to malignant cells, 
the chimeric antibodies can initiate efficient killing of target cells by cellular components (ADCC) or enzymatic conrtpo- 
nents (CDC) of tiie blood, which makes these chimeric antibodies prime candidates for tumor immunotherapy. 
[0221] Although the prospect of tumor therapy witii mAbs is attractive, to date such mAb therapy has met with only 
limited success (Houghton, etal. February 1985, Proc. Natl. Acad. Sci. USA 82:1242-1246 (1985)). The ttierapeutic effi- 
cacy of unmodified mouse mAt>s appears to be too low for most practical purposes. The five chimeric antibodies 
detailed above are improved therapeutic agents over tine original mouse mAbs for treatment of human tumors in vivo. 
First, the high biological activity of the chimeric antibodies against human tumor cell lines combined with minimal reac- 
tivity with normal tissues imply that these antibodies may mediate selective destruction of malignant tissue. Second, the 
presence of human rather than murine antigenic determinants on the chimeric antibodies increases their resistance to 
rapid clearance from the tody relative to the original murine mAbs. Third, this resistance to clearance enhances the 
potential utility of such chimeric antibodies, as well as their their derivatives, in tumor diagnosis and therajsy. through 
their use as immunoconjugates with drugs, toxins, immunomodulators, radionuclides, etc. Uses of immunoconjugates 
and methods for their formation are known to those skilled in the art and can be employed to modify the chimeric anti- 
bcidies vwthin the scope of the present invention. 

DEPQSIT$ 

[0222] The following illustrative cell lines seaeting chimeric antibodies were deposited prior to the U.S. filing date at 
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the ATCC, Rockville, Maryland, under the provisions of the Budapest Treaty. 

1.ING-1 

[0223] 

a. Transfected hybridoma Sp2/0 plNG22071C5.B7-plNG22253F2.G6 (C499) (ATCC accession #HB9812) 

b. Yeast strain PS6/plNGi1 496 and plNG1 61 6 (G263) (ATCC accession #20894) 

2. ING-2 
I 

[0224] 

a. Transfected hybridoma Sp2/0 plNG22031 B5.14-plNG22271D3.F1 1 (C534) (ATCC accession #HB9818) 

b. Yeast strain PSe/lDlNGI 692 + pING161 0 (G266) (ATCC accession #20897) 

3. ING-3 
[0225] 

a. Transfected hybridoma Sp2/0'plNG22045B7.F9-plNG22342G11.C1i (C542) (ATCC accession #HB9813) 

b. Yeast strain PS6/plNGl663+plNG1694 (G264) (ATCC accession #20895) 

4. ING-4 ' 
[0226] 

a. Transfected hybridoma Sp2/0 plNG22162C2.1C7-pING22321 B5.F5 {C489) (ATCC accession #HB9814) 

b. Yeast strain PS6/plNG1667-714 (G265) (ATCC accession #20896) 

5. KM10 
[0227] 

a. Transfected hybridoma Sp2A) (plNG2240 and plNG2242) (C739) (ATCC accession #HB 10131) 

b. Yeast strain PS6 (pING3200) (G267) (ATCC accession #20945). 

Clainns 

1 . A polynucleotide molecule useful for gene expression comprising a cDNA sequence to be expressed and the gene 
expression elements: 

(a) a retroviral LTR promoter; 

(b) a splice intervening sequence of at least 31 nucleotides; and 

(c) genomic mouse or human polyadenylation and transcription termination regions. 

2. A polynucleotide molecule as claimed in claim 1 further comprising 

(d) an enhancer. 

3. A polynucleotide molecule as claimed in claim 2 wherein the enhancer is an immunoglobulin enhancer or a viral 
enhancer. 

4. A polynucleotide molecule as claimed in any of claims 1 to 3 which is a plasmid. 

5. A polynucleotide molecule as claimed in claim 4 which is the plasmid plNG1 712, plNG2203. or plNG2227. 

6. A polynucleotide molecule as claimed in any of claims 1 -5 wherein the cDNA sequence codes for an immunoglob- 
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ulin H chain, an immunoglobulin L chain, or a chimeric immunoglobulin chain. 

7. A polynucleotide molecule as claimed in claim 6 wherein the chimeric immunoglobulin chain comprises a mouse V 
region and a human C region. 

8. A polynucleotide molecule conrprising a first cDNA sequence coding for the \ariable region of an immunoglobulin 
chain having specificity to the antigen bound by a murine monoclonal antibody which is B38. 1 , Br-3, Co-1 . ME4 or 
KMIO. 

9. A molecule as claimed in claim 8 wherein the chain is a heavy chain, or a light chain. 

10. A molecule as claimed in claim 8 further comprising a second DNA sequence coding for the constant region of a 
human immunoglobulin chain, wherein the first DNA sequence and second DNA sequence are operably linked. 

11. A molecule as claimed in claim 10 wherein the second DNA sequence is cDNA. 

12. A molecule as claimed in claim 8 which is recombinant DNA, optionally double stranded. 

1 3. A prokaryotic host transformed with the molecule of any of daims 8-12. 

14. A host as claimed in claim 13 which is a bacterium. 

1 5. A eukaryotic host transfected with the molecule of any of claims 8-12. 

16. A host as claimed in claim 15 which is a yeast cell or a mammalian cell. 

17. An immunoglobulin light or heavy chain comprising a constant human region and a variable region having specifi- 
city to an antigen bound by a murine monoclonal antibody which is B38.1 . Br-3. Co-1, ME4 or KMIO. 

18. A chimeric antibody molecule conprising two light chains and two heavy chains each of the chains comprising a 
constant human region and a variable region having specificity to an antigen bound by a murine monoclonal anti- 
body which is 838.1 . Br-3, Co-1. ME4 or KMIO. 

19. An anttoody molecule as claimed in claim 18 which is detectably labelled, and optionally immobilized on an aque- 
ous-insoluble solid phase. 

20. A process for preparing an immunoglobulin heavy chain comprising: 

(a) culturing a host capable of expressing the heavy chain under culturing conditions. 

wherein the heavy chain has a whole or part of a human constant region and a variable region having specifi- 
city to an antigen bound by a murine monoclonal antibody which is B38.1, Br-3, Co-1 , ME4 or KMIO; 

(b) expressing the heavy chain; and 

(c) recovering the heavy chain from the culture. 

21. A process for preparing an immunoglobulin light chain comprising: 

(a) culturing a host capable of expressing the light chain under culturing conditions, 

wherein the light chain has a whole or part of a human constant region and a variable region having specificity 
to an antigen bound by a murine monoclonal antibody which is B38.1 , Br-3, Co-1, ME4 or KM10; 

(b) expressing the light chain; and 

(c) recovering the light chain from the culture. 

22. A process for preparing a chimeric immunoglotxjiin containing a heavy chain and a light chain comprising: 

(a) culturing a host capable of expressing the heavy chain or the light chain, or both under culturing conditions, 
wherein each of the heavy and light chains have a whole or part of a human constant region and a variable 
region having specificity to an antigen bound by a murine monoclonal antibody which is B38.1, Br-3, Co-1, 
ME4or KM10; 
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(b) expressing the chimeric immunoglobulin; and 

(c) recovering the chimeric immunoglobulin from the culture. 

23. A process as claimed in any of daims 20-22 wherein the host is prokaryotic or eukaryotic. 

24, An immunoassay method for detecting an antigen in a sample, comprising. 

(a) contacting the sample with an antibody as claimed in claim 18; arid 

(b) detecting whether the antibody binds to the antigen. 

to. An imaging method for detecting an antigen in an animal, comprising: 

(a) contacting a labelled antibody as claimed in claim 1 9 with the animal; and 

(b) detecting the antigen. 

26. A method for killing cells carrying an antigen thereon, comprising: , 

(a) contacting the cells with the antibody as claimed in daim 18; and 

(b) allowing the killing to occur. 

27. A method as daimed in claim 26 wherein the killing occurs by complement-mediated lysis of tiie cells, or by ADCC. 
Claims for the following Contracting State : ES 

1 . A process for the preparation of a polynucleotide mdecule useful for gene expression connprising a cDNA 
sequence to be expressed and the gene expression elements: 

(a) a retroviral LTR promoter; 

(b) a splice intervening sequence of at least 31 nudeotides; and 

(c) genomic mouse or human polyadenylation and transcription termination regions; 

the process comprising coupling successive nucleotides together and/or ligating oligonucleotides. 

2. A process as claimed in claim 1 wherein the polynucleotide molecule further conrprises 

(d) an enhancer. 

3. A process as claimed in claim 2 wherein the enhancer is an immunoglobulin enhancer or a viral enhancer. 

4. A process as claimed in any of claims 1 to 3 wherein the molecule is a plasmid. 

5. A process as claimed in claim 4 wherein the molecule is the plasmid plNG1712, plNG2203, or plNG2227. 

6. A process as claimed in any of claims 1-5 wherein the cDNA sequence codes for an immunoglobulin H chain, 
an immunoglobulin L chain, or a chimeric immunoglobulin chain. 

7. A process as claimed in claim 6 wherein the chimeric immunoglobulin chain comprises a mouse V region and a 
human C region. 

8. A process for the preparation of a polynudeotide molecule comprising a first cDNA sequence coding for tiie var- 
iable region of an immunoglolxjlin chain having specificity to tiie antigen bound by a murine monoclonal antibody 
which is B38.1, Br-3, Co-1, ME4 or KM10, tine process comprising coupling successive nudeotides together or 
ligating oligo nucleotides. 

9. A process as claimed in claim 8 wherein the chain is a heavy chain, or a light chain. 

10. A process as claimed in claim 8 wherein the molecule furtiier comprises a second DNA sequence coding for 
the constant region of a human immunoglobulin chain, wherein the first cDNA sequence and second cDNA 
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sequence are operably linked. 

1 1 . A process as claimed in claim 10 wherein the second DNA sequence is cDNA. 

12. A process as claimed in claim 8 wherein the molecule Is recombinant DNA, optionally double stranded. 

13. A process comprising transforming a prokaryotic host with a molecule as claimed in any of claims 8-12. 

1 4. A process as claimed in claim 1 3 wherein the host is a bacterium. 

Hs.A process comprising transfecting a eukaryotic host with a molecule' as claimed in any of claims 8-12. 

16. A process as claimed in claim 15 wherein the host is a yeast cell or a mammalian cell. 

1 7. A process for the preparation of an Immunoglobulin light or heavy chain comprising a constant human region 
and a variable region having specificity to an antigen bound by a murine monoclonal antibody which is B38. 1 , Br- 
3, Co-1 , ME4 or Kf^lO, the process comprising expressing a polynucleotide sequence for the light or heavy chain. 

1 8. A process for the preparation of a chimeric antibody molecule comprising two light chains and two heavy chains 
each of the chains comprising a constant human region and a variable region having specificity to an antigen bound 
by a murine monoclonal antibody which is B38.1. Br-3, Co-1, ME4 or KM 10. the process comprising expressing a 
polynucleotide sequence encoding for the molecule. 

19. A process as claimed In claim 18 wherein the antibody molecule is detectably labelled, optionally immobilized 
on an aqueous-Insoluble solid phase. 

20. A process for preparing an immunoglobulin heavy chain comprising: 

(a) culturing a host capable of expressing tiie heavy chain under culturing conditions. 

wherein the heavy chain has a whole or part of a human constant region and a variable region having specifi- 
city to an antigen bound by a murine monoclonal antibody which is B38.1, Br-3, Co-1 , ME4 or KM10; 

(b) expressing the heavy chain; and ' 

(c) recovering tiie heavy chain from the culture. 

21. A process for preparing an immunoglobulin light chain conrprlsing: 

(a) culturing a host capable of expressing the light chain under culturing conditions. 

wherein the light chain has a whole or part of a human constant region and a variable region having specificity 
to an antigen bound by a murine nfK>noc)onal antibody which is B38.1. Br-3, Co-1, ME4 or KM10; 

(b) expressing the light chain; and 

(c) recovering the light chain from the culture. 

22. A process for preparing a chimeric immunoglobulin containing a heavy chain and a light chain comprising: 

(a) culturing a host capable of expressing the heavy chain or the light chain, or both under culturing conditions, 
wherein each of the heavy and light chains have a whole or part of a human constant region and a variable 
region having specificity to an antigen bound by a murine monoclonal antibody which Is B38.1, Br-3, Co-1, 
ME4orKM10: 

(b) expressing tiie chimeric immunoglobulin; and 

(c) recovering the chimeric immunoglobulin from the culture. 

23. A process as claimed in any of claims 20-22 wherein the host is prokaryotic or eukaryotic. 

24. An immunoassay method for detecting an antigen in a sample, comprising: 

(a) contacting the sample witii an antibody as claimed in claim 18; and 

(b) detecting whetiier the antibody binds to the antigen. 
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25. An imaging method for detecting an antigen in an animal, comprising: 

(a) contacting a labelled antibody as claimed in claim 19 with the animal; and 

(b) detecting the antigen. 

26. A method for killing cells carrying an antigen thereon, comprising: 

(a) contacting the cells with the antibody as claimed in daim 18; and 

(b) allowing the killing to occur. 

27. A method as claimed in claim 26 wherein the killing occurs by complement-mediated lysis of the cells, or by 
ADCC. 

28. A process for the preparation of a pharmaceutical composition comprising admixing an immunoglobulin light or 
heavy chain comprising a constant human region and a variable region having specificity to an antigen bound by a 
murine monoclonal antibody which is B38. 1 . Br-3. Co-1 , ME4 or KM1 0, with a pharmaceutically acceptable carrier. 

29. A process for the preparation of a pharmaceutical composition comprising admixing an antibody molecule com- 
prising two light chains and two heavy chains, each of the chains conrprising a constant human region and a vari- 
able region having specificity to an antigen bound by a murine monoclonal antibody which is B38.1. Br-3. Co-1, 
ME4 or KM10, with a pharmaceutically acceptable earner. 

Clainds for the following Contracting State : GR 

1. A polynucleotide molecule useful for gene expression comprising a cDNA sequence to be expressed and the 
gene expression elements: 

(a) a retroviral LTR promoter; 

(b) a splice intervening sequence of at least 31 nucleotides; and 

(c) genomic mouse or human polyadenylation and transcription termination regions. 

2. A polynucleotide molecule as claimed in daim 1 further comprising 

(d) an enhancer. 

3. A polynudeotide molecule as daimed in claim 1 or 2 wherein the enhancer is an immunoglobulin enhancer or a 
viral enhancer. 

4. A polynucleotide molecule as daimed in any of claims 1 to 3 which is a plasmid. 

5. A polynudeotide molecule as daimed in daim 4 which is the plasmid plNG1712, plNG2203, or plNG2227. 

6. A polynucleotide molecule as daimed in any of claims 1-5 wherein the cDNA sequence codes for an immu- 
noglobulin H chain, an immunoglobulin L chain, or a chimeric immunoglobulin chain. 

7. A polynucleotide molecule as claimed in claim 6 wherein the chimeric immunoglobulin chain comprises a mouse 
V region and a human C region. 

8. A polynucleotide molecule comprising a first cDNA sequence coding for the variable region of an immunoglobulin 
chain having specificity to the antigen bound by a murine monoclonal antibody which is 838. 1 , Br-3, Co-1 , ME4 or 
KM10. 

9. A molecule as claimed in claim 8 wherein the chain is a heavy chain, or a light chain. 

10. A molecule as claimed in claim 8 further comprising a second DNA sequence coding for the constant region of 
a human immunoglobulin chain, wherein the first DNA sequence and second DNA sequence are operably linked. 

1 1 . A molecule as claimed in claim 10 wherein the second DNA sequence is cDNA. 

12. A molecule as claimed in claim 8 which is recombinant DNA, optionally double strarxled. 

13. A prokaryotic host transformed with the nrtolecule of any of dain« 8-12. 

14. A host as claimed in daim 13 which is a bacterium. 

15. A eukaryotic host transfected with the molecule of any of claims 8-12. 

16. A host as claimed in daim 15 which is a yeast cell or a mammalian cell. 

17. A process for the preparation of an immunoglobulin light or heavy chain comprising a constant human region 
and a variable region having specificity to an antigen bound by a murine monoclonal antibody which is B38.1 . Br- 
3, C0"1, ME4 or KM10, the process comprising expressing a polynucleotide sequence for the light or heavy chain. 
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18. A process for the preparation of a chimeric antibody molecule comprising two light chains and two heavy chains 
each of the chains comprising a constant human region and a variable region having specificity to an antigen bound 
by a murine monoclonal antibody which is B38.1, Br-3. Co-1 , ME4 or KM10, the process comprising expressing a 
polynucleotide sequence encoding for the molecule. 

19. A process as claimed in claim 18 wherein the antibody molecule is detectably labelled, optionally immobilized 
on an aqueous-insoluble solid phase. 

26. A process for preparing an immunoglobulin heavy chain comprising: 

(a) cutturing a host capable of expressing the heavy chain under culturing conditions. 

wherein the heavy chain has a whole or part of a human constant region arxl a variable region having specif i- 
I city to an antigen bound by a murine monoclonal antibody which i^'B38.1. Br-3, Co-1 , ME4 or KM10; 

(b) expressing the heavy chain; and 

(c) recovering the heavy chain from the culture. 

21 . A process for preparing an immunoglobulin light chain conprising: 

(a) culturing a host capable of expressing the light chain under culturing conditions. 

wherein the light chain has a whole or part of a human constant region and a variable region having specificity 
to an antigen bound by a murine monoclonal antitxxly which is B38.1 , Br-3, Co-1 , ME4 or KM10; 

(b) expressing the light ctiain; and 

(c) recovering the light chain from the culture. 

22. A process for preparing a chimeric immunoglobulin containing a heavy chain and a light chain comprising: 

(a) cutturing a host capat^le of expressing the heavy chain or the light chain, or both under culturing corxJitions, 
wherein each of the heavy and light chains have a whole or part of a human constant region and a variable 
region having specificity to an antigen bound by a murine monoclonal antibody which is B38.1, Br-3. Co-1, 
ME4orKM10: 

(b) expressing the chimeric immunoglobulin; and 

(c) recovering the chimeric immunoglobulin from the culture. 

23. A process as claimed in any of claims 20-22 wherein the host is prokaryotic or eukaryotic. 

24. An immunoassay method for detecting an antigen in a sample, comprising: 

(a) contacting the sample with an antitxxly as claimed in claim 18; artd 

(b) detecting whether the antibody binds to the antigen. 

25. An imaging method for detecting an antigen in an animal, comprising: 

(a) contacting a labelled antibody as claimed in claim 19 with the animal; and 

(b) detecting tiie antigen. 

26. A method for killing cells carrying an antigen thereon, comprising: 

(a) contacting the cells with the antibody as claimed in daim 18; and 

(b) allowing the killing to occur. 

27. A method as claimed in claim 26 wherein the killing occurs by conplement-mediated lysis of the cells, or by 
ADCC. 

28. A process for tfie preparation of a pharmaceutical composition comprising admixing an immunoglobulin light or 
heavy chain comprising a constant, human region and a variable region having specificity to an antigen bound by 
a murine monoclonal antibody which is B38.1. Br-3. Co-1, ME4 or KM10, with a pharmaceutically acceptable car- 
rier. 

29. A process for the preparation of a pharmaceutical composition comprising admixing an antibody molecule com- 
prising two light chains and two heavy chains, each of tiie chains comprising a constant human region and a vari- 
able region having specificity to an antigen bound by a murine nxjnoclonal antibody which is B38.1, Br-3, Co-1, 
ME4 or KM 10. with a pharmaceutically acceptable earner. 
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Sequence of B38.1 Light Chain V Region 



Sail 

3' -CCCCAGTGACAGCTGAGTGGTA-5' METArgPheSerAlaGlnLeu 
GGGGGGGTCACTTTTGACTCACCATATCAAGTTCGCAGAATGAGGTTCTCTGCTCAGCTT 
15 30 45 60 

Apal 

3 ' -GGACCTAGGTCCCGGGTTTAACACTACTG-5 ' 

LeuGlyLeuLeuValLeuTrpIleProGlySerThrAlaAspIleValMETThrGlnAla 
CTGGGGCTGCTTGTGCTCTGGATCCCTGGATCCACTGCAGATATTGTGATGACGCAGGCT 
75 90 105 120 



AlaPheSerAsnProValThrLeuGlyThrSerGlySerlleSerCysArgSerSerLys 
GCATTCTCCAATCCAGTCACTCTTGGAACATCAGGTTCCATCTCCTGCAGGTCTAGTAAG 
135, 150 165 180 



SerLeuLeuHisSerAsnGlylleThrTyrLeuTyrTrpTyrLeuGlnLysProGlyGln 
AGTCTCCTACATAGTAATGGCATCACTTATTTGTATTGGTATCTGCAGAAGCCAGGCCAG 
195 210 .225 240 



SerProGlnLeuLeuIleTyrGlnMETSerAsnLeuAlaSerGlyValProAspArgPhe 
TCTCCTCAGCTCCTGATTTATCAGATGTCCAACCTTGCCTCAGGAGTCCCAGACAGGTTC 
255 270 285 300 



SerSerSerGlySerGlyThrAspPheThrLeuArglleSerArgValGluAlaGluAsp 
AGTAGCAGTGGGTCAGGAACTGATTTCACACTGAGAATCAGCAGAGTGGAGGCTGAGGAT 
315 330 345 360 

3'-CGTGG 

ValGlyValTyrTyrCysAlaGlnAsnLeuGluLeuProArgThrPheGlyGlyGlyThr 
GTGGGTGTTTATTACTGTGCTCAAAATCTAGAACTTCCTCGGACGTTCGGTGGAGGCACC 
375 390 405 420 

Hindlll 

TTCGAACTTTAGTTTG-5 ' 

LysLeuGluIleLysArgAla 
AAGCTGGAAATCAAACGGGCT 
435 

FIGJ 
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Sequence of B38.1 Heavy Chain v Region 



Sail 

3 ' -CTGGTCAATCAGCTGTCCGTGGTGAAG-5' METAla 
CCCCGCCCCCCGCCGAGTGACCAGTTAGTCTTAAGGCACCACTTCTTAGACATCATGGCT 
15 30 45 60 

SstI 

3 ' -GTTTCACGGGCTCGAGTCTAG6TC 

TrpValSerThrLeuLeuPheLeuMETAlaAlaAlaGlnSerAlaGlnAlaGlnlleGln 
TGGGTGTCCACCTTGCTATTCCTGATGGCAGCTGCCCAAAGTGCCCAAGCACAGATCCAG 
75 90 ' , 105 120 

LeuValGlnSerGlyProGluLeuLysLysProGlyGluThrValLysIleSerCysLys 
TTGGTGCAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAGACAGTCAAGATCTCCTGCAAG 
135 150 165 180 



AlaSerGlyTyrThrPheThrLysTyrGlyMETAsnTrpValLysGlnAlaProGlyLys 
GCTTCTGGATATACCTTCACAAAATATGGAATGAACTGGGTGAAGCAGGCTCCAGGAAAG 
195 210 225 240 



GlyLeuLysTrpMETGlyTrpIleAsnThrTyrThrGluGluProThrTyrGlyAspAsp 
GGTTTAAAGTGGATGGGCTGGATAAACACCTACACTGAAGAGCCAACATATGGTGATGAC 
255 270 285 300 



PheLysGlyArgPheAlaPheSerLeuGluThrSerAlaSerThrAlaAsnLeuGlnlle 
TTCAAGGGACGGTTTGCCTTCTCTTTGGAAACCTCTGCCAGCACTGCCAATTTGCAGATC 
315 330 345 360 



AsnAsnLeuLysSerGluAspThrAlaThrTyrPheCysAlaArgPheGlySerAlaVal 
AACAACCTCAAAAGTGAGGACACGGCTACATATTTCTGTGCAAGATTTGGCTCTGCTGTG 
375 390 405 420 

BstEII 

3/ >CCTTGGA GCCAGTGGC AGAG- 5 ' 

AspTyrTrpGlyGlnGlyThrSerValThrValSerSer 
GACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAG 
435 450 



FI6.8 



66 



EP 0 967 277 A2 




67 



EP0 967 277 A2 



PstI 




PstI 



PstI 



Sail 



5' Mutagenesis j 
^ 



Sail + BstED 
Purify V region 
fragment 




Aat 



Sail + BstED 
Purify Vector 



Aat 




Bgin 



BstED 
Purify fragment 



F/6. 98 



68 



EP0967 277 A2 




69 



EP 0 967 277 A2 




70 



EP0 967 277 A2 





71 



EP0 967 277 A2 



BamHI 




FIG. 12 



72 



EP0 967 277 A2 




FlG.i3A 



73 



EP 0 967 277 A2 




ParaB 



33 bp. 
oligomer 



term 



T 



Xho 





H 



Xho 



term 



Xho 




ParaB 



ParaB 



FIG. f38 



74 



EP0 967 277 A2 



Sequence of Br -3 Light Chain V Region 



METAlaTrplieSerL6uIleLeuSerLeuLeu 
gaaaagaatagacctSgtttgtgaattatggcctggatttcacttatactctctctcctg 

15 30 45 60 

Apal 

3' -GAGTCCCCGGTCCCGGGTCCGAC-5' 
AlaLeuSerSerGlyAlalleSerGlnAlaValValThrGlnGluSerAlaLeuThrThr 
GCTCTCAGCTCAGGGGCCATTTCCCAGGCTGTTGTGACTCAGGAATCTGCACTCACCACA 
75 90 105 120 



SerProGlyGluThrValThrLeuThrCysArgSerSerThrGlyAlaValThrThrSer 
TCACCTGGTGAAACAGTCACACTCACTTGTCGCTCAAGTACTGGGGCTGTTACAACTAGT 
135 150 165 180 



AsnTyrAlaAsnTrpValGlnGluLysProAspHisLeuPheThrGlyLeuIleGlyGly 
AACTATGCCAACTGGGTCCAAGAAAAACCAGATCATTTATTCACTGGTCTAATAGGTGGT 
195 210 225 240 



ThrAsnAsnArgAlaProGlyValProAlaArgPheSerGlySerLeuIleGlyAspLys 
ACCAACAACCGAGCTCCAGGTGTTCCTGCCAGATTCTCAGGCTCCCTGATTGGAGACAAG 
255 270 285 300 



AlaAlaLeuThrlleThrGlyThrGlnThrGluAspGluAlalleTyrPheCysAlaLeu 
GCTGCCCTCACCATCACAGGGACACAGACTGAGGATGAGGCAATATATTTCTGTGCTCTA 
315 330 345 360 

Avrll 

TrpTyrSerAsnHisTrpValPheGlyGlyGlyThrLysLeuThrValLeuGlyGlnPro 
TGGTACAGCAACCATTGGGTGTTCGGTGGAGGAACCAAACTGACTGTCCTAGGCCAGCCC 
375 390 405 420 



FIG. 14 
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Sequence of Br -3 Heavy Chain V Region 

Sail 

3' -GAAAjGAGAAGCAGCTGTTTGTGT-5' 

GACAGACGCACAACCCTGGACTCACAAGTCTTTCTCTTCAGTGACAAACACAGAAATAGA 
15 30 45 60 

3/^ATTTTCC3lCAG 

METTyrLeuGlyLeuAsnCysValPhelleValPheLeuLeuLysGlyVal 
ACATTCACCATGTACTTGGGACTGAACTGTGTATTCATAGTTTTTCTCTTAAAAGGTGTC 
75 90 105 120 

Aatll 

GCTGCAGTTCACTTCGAA-5' 

GlnSerGluValLysLeuGluGluSerGlyGlyGlyLeuValGlnProGlyGlySerMBT 
CAGAGTGAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGGTGCAACCTGGAGGATCCATG 
135 150 165 180 



LysLeuSerCysValAlaSerGlyPheThrPheSerAsnTyrTrpMETAsnTrpValArg 
AAACTCTCCTGTGTTGCCTCTGGATTCACTTTCAGTAACTATTGGATGAACTGGGTCCGC 
195 210 225 240 



GlnSerProGluLysGlyLeuGluTrpValAlaGluIleArgLeuLysSerAsnAsnTyr 
CAGTCTCCAGAGAAGGGGCTTGAGTGGGTTGCTGAAATTAGATTGAAATCTAATAATTAT 
255 270 285 300 



AlaThrHisTyrAlaGluSerValLysGlyArgPheThrlleSerArgAspAspSerLys 
GCAACACATTATGCGGAGTCTGTGAAAGGGAGGTTCACCATCTCAAGAGATGATTCCAAA 
315 330 345 360 



SerSerValTyrLeuGlnMETAsnAsnLeuArgAlaGluAspThrGlylleTyrTyrCys 
AGTAGTGTCTACCTGCAAATGAACAACTTAAGAGCTGAAGACACTGGCATTTATTACTGT 
375 390 405 420 



PstI 

ThrPheGlyAsnGlnPheAlaTyrTrpGlyGlnGlyThrLeuValThrValSerAlaAla 
ACATTTGGTAACCAGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAGCC 
435 450 465 480 



Ly s ThrThrP r oP r o 
AAAACGACACCCCCATC 
495 

FIG. f5 
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Sequence of Co-1 Light Chain V Region 



Mstll Mstll 

METLysLeuProValArgLeu 
I CAGTCT CCTCAGGC TGTCT CCTCAQQT TGCCTCCTCAAAATGAAGTTGCCTGTTAGGCTG 
15,, 30 45 60 

Aatll 

3' «AGGACAAAGG TCTGCAGT TCaUUUlCTAC"5^ 

LeuValLeuMETPheTrpIleProValSerAsnSerGluValLeuMETThrGlnThrPro 
TTGGTGCTGATGTTCTGGATTCCTGTTTCCAACAGTGAAGTTTTGATGACCCAAACTCCA 
75 90 105 120 



LeuSerLeuProValSerLeuGlyAspGlnAlaSerlleSerCysArgSerSerGlnSer 
CTCTCCCTGCCTGTCAGTCTTGGAGATCAAGCCTCCATCTCTTGCAGATCTAGTCAGAGC 
135 ' 150 165 180 



IleValHisSerAsnGlyAsnThrTyrLeuGluTrpTyrLeuGlnLysLeuGlyGlnSer 
ATTGTACATAGTAATGGAAACACCTATTTAGAATGGTACCTGCAGAAACTAGGCCAGTCT 
195 210 225 240 



ProLysLeuLeuIleTyrLysValSerLysArgPheSerGlyValProAspArglleSer 
CCAAAGCTCCTGATCTACAAAGTTTCCAAACGATTTTCTGGGGTCCCAGACAGGATCAGT 
255 270 285 300 



GlySerGlySerGlyThrAspPheThrLeuLysIleSerArgValGluAlaGluAspLeu 
GGTAGTGGATCAGGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGATCTG 
315 330 345 360 

Hindu I 
3'-CCCTGGTTC 

GlyValTyrHisCysPheGlnGlySerHisAlaProLeuThrPheGlyAlaGlyThrLys 
GGAGTTTATCACTGCTTTCAAGGTTCACATGCTCCGCTCACGTTCGGTGCTGGGACCAAG 
375 390 405 420 

GAACTCGAC-5' 
ValGluLeuLys 
GTGGAGCTGAAA 

435 

FIG.Zt 
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Sequence of Co-1 Heavy Chain V Region 

Ncol 
METGluTrp 

CACCGACGATCAGTGTCCTCTCCAAAGTCCCTGAACACACTGACTCTAACCATGG2\ATGG 
15 30 45 60 

PstI 

SerTrpIlePheLeuPheLeuLeuSerGlyThrAlaGlyValHisSerGluValGlnLeu 
AGTTGGATATTTCTCTTTCTCCTGTCAGGAACTGCAGGTGTCCACTCTGAGGTCCAGCTG 
75 90 105 120 



GInGlnSerGlyProGluLeuValLysProGlyAlaSerValLysMETSerCysLysAla 
CAGC AGTCTGGACCTGAGCTGGTAAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCT 
135 150 165 180 



SerGlyTyrThrPheThrSerTyrValMETHisTrpValLysGlnLysProGlyGlnGly 
TCTGGATACACATTTACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTGGGCAGGGC 
195 210 225 240 



LeuGluTrpIleGlyTyrlleAsnProTyrAsnAspGlyThrSerTyrAsnGluLysPhe 
CTTGAGTGGATTGGATATATTAATCCTTACAATGATGGTACTAGTTACAATGAGAAATTC 
255 270 285 300 



LysGlyLysAlaThrLeuThrSerAspLysSerSerSerThrAlaTyrtffiTGluLeuSer 
AAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGCACAGCCTACATGGAGCTCAGC 
315 330 345 360 



SerLeuThrSerGluAspSerAlaValTyrTyrCysAlaArgArglleTyrPheAspTyr 
AGCCTGACCTCTGAGGACTCTGCGGTCTATTACTGTGCAAGGAGGATCTACTTTGATTAC 
375 390 405 420 

BstEII 

SerTyrValMETAspTyrTrpGlyGlnGlyThrSerValThrValSerSer 
TCCTATGTTATGGACTACTGGGGTCAAGGAACCTCGCTCAOCGTCTCCTCA 
435 450 465 

FIG. 22 
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Sequence of ME4 Light Chain V Region 



Sail 

3' -CGAGCATAGGCAGCTG 

CCCGTACCGCTCGCTTATCTATCTCGCGTGCTGCCCCCTTTAGTGCTCGTATCCCGCCGC 
15 30 45 60 

PstI 

TACTACAGG-5 ' 3 ' •AAGTTCCATGGTGACCT 

METMETSerSerAlaGlnPheLeuGlyLeuLeuLeuLeuCysPheGlnGlyThrArgCyis 
ATGATGTCCTCTGCTCAGTTCCTTGGTCTCCTGTTGCTCTGTTTTCAAGGTACCAGATGT 
75 90 105 120 

CTATAGGTCTAC-5 ' 

AspIleGlnMETThrGlnThrThrSerSerLeuSerAlaSerLeuGlyAspArgValThr 
GATATCCAGATGACACAGACTACATCCTCCCTGTCTGCCTCTCTGGGAGACAGAGTCACC 
135 150 165 180 



IleSerCysArgAlaSerGlnAspIleThrThrTyrLeioAsnTrpTyrGlnGlnLysPro 
ATCAGTTGCAGGGCAAGTCAGGACATTACCACTTATTTAT^CTGGTATCAGCAGAAACCA 
195 210 225 240 



AspGlyThrValLysLeuLeuIleTyrTyrThrSerArgLeuHisSerGlyValProSer 
GATGGAACTGTTAAACTCCTGATCTACTACACATCAAGATTACACTCAGGAGTCCCATCA 
255 270 . 285 300 



ArgPheSerGlySerGlySerGlyThrAspTyrSerLeuThrlleSerAsnLeuGluGln 
AGGTTCAGTGGCAGTGGGTCTGGAACAGATTATTCTCTCACCATTAGCAACCTGGAGCAA 
315 330 345 360 

3' 

GluAspPheAlaThrTyrPheCysGlnGlnGlyAsnlleLeuProArgThrPheGlyGly 
GAAGATTTTGCCACTTACTTTTGCCAACAGGGTAATATACTTCCTCGGACGTTCGGTGGA 

375 390 405 420 

Hindi II 
-CGTGGTTCGAACTTTAGTXTG-5 ' 
GlyThrLysLeuGluIleLysArg 
GGCACCAAACTGGAAATCAAACGG 

435 
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Sequence of ME4 Heavy Chain V Region 



TACTTCCCGCAATGTCTGTACCCTATGATCAGTGTCCTCTCAACAGTCCCTGAACACACT 
15 ; 30 45 60 

Sail 3'-GACGTCCACAA 

METAspTrpSerArgValPhellePheLeuLeuSerValThrAlaGlyVal 
ACTCTCACCATGGATTGGAGCAGAGTCTTTATCTTTCTCCTATCAGTAACTGCAGGTGTT 
75 90 105 120 

SstI ' . 

GCTCGAGTCCAGGTCAAC-5 ' 

HisSerGlnValGlnLeuGlnGlnSerGlyAlaGluLeuValArgProGlyThrSerVal 
CACTCCCAGGTCCAGTTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCCTGGGACTTCAGTG 
135 150 165 180 



LysValSerCysThrThrSerGlyTyrAlaPheThrAsnTyrLeuMETGluTrpMETLys 
AAGGTGTCCTGCACGACTTCTGGATACGCCTTCACTAATTACTTGATGGAGTGGATGAAA 
195 210 225 240 



GlnArgProGlyGlnGlyLeuGluTrpIleGlyVallleAsnProGlySerGlyAspAla 
CAGAGGCCTGGACAGGGCCTTGAGTGGATTGGiSGTGATTAATCCTGGAAGTGGTGATGCT* 
255 270 285 300 



LysTyrAsnGluAsnPheLysGlyLysAlaThrLeuThrAlaAspLysSerSerSerThr 
AAGTACAATGAGAACTTCAAGGGCAAGGCAACACTGACTGCAGACAAATCCTCCAGCACT 
315 330 345 360 



SerTyrMETGlnLeuSerSerLeuThrSerAspAspSerAlaValTyrPheCysAlaArg 
TCCTACATGCAACTCAGCAGCCTGACATCTGATGACTCTGCGGTCTATTTCTGTGCAAGA 
375 390 405 420 

BstEII 
3' -CCTTGGAGCCAGTGGCA6 
GlyHisTyrGlyGlyTyrPheValMETAspTyrTrpGlyGlnGlyThrSerValThrVal 
GGGCATTACGGGGGTTACTTTGTTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTC 
435 450 465 480 

AG-5' 

SerAlaAlaLys 
TCCGCGGCCAAA 

F/6.30 
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Hindm 



Xhol 



1) PstI 

2) T-4 polymerase! 

3) Self-close 
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KMIO Heavy Chain DNA Sequence 



Sail 

3' -CGGGTTCCAGCAGCTG 

ATACCAGCAAAGGGAGTGACCAGTTTGTCTTAAGGCACCACTGAGCCCAAGGTC TTAGAC 
15 30 45 60 

TAGTACCTA- 5 ' 3 ' -GTTTCACGGGCTCGA 

METAspTrpLeuTrpLysLeuLeuPheLeuMETAlaAlaAlaGlnSerAlaGlnAla 
ATCATGGATTGGCTGTGGAAGTTGCTATTCCTGATGGCAGCT6CCCAAAGTGCCC AAGCA 
75 90 105 i 

SstI 

GTCTAGGTCAAC-5 r 

GlnlleGlnLeuValGlnSerGlyProGluLeuMETLysProGlyGluThrValLysIle 
CAGATCCAGTTGGTGCAGTCTGGACCTGAACTCATGAAGCCTGGAGAGACAGTCAAGATC 
135, 150 165 180 



SerCysLysAlaSerGlyTyrThrPheThrAsnTyrGlyMETAsnTrpValLysGlnAla 
TCCTGCAAGGCTTCTGGTTATACCTTCACA/UVCTATGGAATGAACTGGGTGAAGCAGGCT 
195 210 225 240 



ProGlyLysGlyLeuLysTrpMETGlyTrpIleAsnThrTyrThrGlyGluProThrTyr 
CCAGGAAAGGGTTTAAAGTGGATGGGCTGGATAAACACCTACACTGGAGAGCCAACATAT 
255 270 285 300 



AlaAspAspPheLysGlyArgPheAlaPheSerLeuGluThrSerValSerThrGlyHis 
GCTGATGACTTCAAGGGACGGTTTGCCTTCTCTCTGGAGACCTCTGTCAGCACTGGCCAT 
315 330 345 360 



LeuGlnlleAsnAsnLeuLysAsnGluAspThrAlaThrTyrPheCysAlaArgTrpGly 
TTGCAGATCAACAACCTCAAAAATGAGGACACGGCTACATATTTCTGTGCAAGATGGGGG 
375 390 405 420 

BstEII 

3 ' -CCTTGGAGCCAGTGGCajGaVG-5 ' 
GlySerTyrGlyMETAspTyrTrpGlyGlnGlyThrSerValThrValSerSerAlaLys 
GGTTCCTATGGTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAGCCAAA 
435 450 465 480 

F76.36 
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KMIO Light Chain DNA Sequence 
Sail 

3'-GTGATTAATCGGCAGCTGGTTTTAGG-5' METAspPhe 
I CGGGGGATAAGACTAGCACTAATTAGCC AGAGACC AAAATCCAAATACACAATGGACTTT 
15,/ 30 45 60 

3' -CAGTGTCACAGCTTACGTCTTTAACAC 

ArgValGlnllePheSerPheLeuLeuIleSerValThrValSerArgGlyGluIleVal 
CGGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGTCACAGTGTCCAGAGGAGAAATTGTG 
75 90 i 120 

Bsml 

GAG-5' 

LeuThrGlnSerProValileAlaAlaAlaSerLeuGlyGlnLysValThrlleThrCys 
CTCACTCAGTCTCCAGTCATCGCAGCTGCATCTCTGGGGCAAAAGGTCACCATCACCTGC 
135 ' 150 165 180 



SerAlaSerSerSerValSerTyrMETTyrTrpTyrGlnGlnLysSerGlyThrSerPro 
AGTGCCAGCTCAAGTGTAAGTTACATGTACTGGTACCAACAGAAGTCAGGCACCTCCCCC 
195 210 225 240 



LysProTrpIleTyrGlylleSerLysLeuAlaSerGlyValProThrArgPheSerGly 
AAACCATGGATTTATGGAATATCCAAACTGGCTTCTGGAGTCCCAACTCGCTTCAGTGGC 
255 270 285 300 



SerGlySerGlyThrSerTyrSerLeuThrHeSerSerValGl\aAlaGluAspAlaAla 
AGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCAGCGTGGAGGCTGAAGATGCTGCC 
315 330 345 360 

Hindi II 
3'-CCCTGGTTCGAA 

IleTyrTyrCysGlnGlnTrpAsnTyrProLeuIleThrPheGlyAlaGlyThrLysLeu 
ATTTATTACTGCCAGCAGTGGAATTATCCTCTTATCACGTTCGGTGCTGGGACC AAGCTG 
375 390 405 420 

CTCGAC-5' 
GluLeuLys 
GAGCTGAAA 

435 

FIG.Z7 
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